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FOREWORD 

This r epor t  was  prepared by the Hughes Aircraf t  

Company to cover the work completed during the per iod 

1 J u l y  1962 to 30 June 1963 under a contract  fo r  the develop- 

ment  of sealant  mater ia l s  for  use in the ex t remely  cold en-  

vironments  of launch vehicles. 

by the George C .  Marshal l  Space Flight Cen te r ,  NASA, 

Huntsvil le,  Alabama,  with Clyde M. Holmes as P r o j e c t  

Engineer . 

The contract  is sponsored 
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ABSTRACT 

The most  promising candidate LOX-safe sealant  was found to  

be K e i - F  8 0 0  r e s in  reinforced wi th  glass f ab r i c  and using a I (e1-F 800 

based hot mel t  p r i m e r .  

bend t e s t  and i t s  peel strength at 76°K is felt  to  be adequate. 

to pas s  the cont rac tor ' s  impact t e s t ,  however ,  and does not qualify 

a s  being LOX-safe. 

polymer af ter  application. 

RTV-X5 11 sil icone remain  a s  the bes t  cryogenic sea l an t s ,  when r e in -  

forced with glass  f ab r i c ,  for use in a non-LOX environment.  

and vibration t e s t s ,  a t  76"K, were performed on these ma te r i a l s .  The 

synthesis  of a LOX-safe fluorinated polymer was attempted by p repa ra -  

t ion of a polyester  f r o m  hexafluoroglutaric acid and hexafluoropent- 

anediol,  but no method was found to  cure  it because of i t s  complete 

lack of solubility. Work on silicone polymers  was continued. These  

were  prepared  by equilibration of tetravinyltetramethylcyclotetrasiloxane , 

tetrabutyltetramethylcyclotetrasiloxane , and octamethylcyclotetra- 

s i loxane,  using tetrabutylphosphonium hydroxide a s  catalyst .  They were  

cured with dicumyl peroxide,  but did not pas s  the low-temperature  

flexibility tes t  even when reinforced with g l a s s  cloth. However ,  the 

the rma l  contraction of these polymers is s imi l a r  to  that of some of the 

commerc ia l  si l icones which have passed the low-temperature  flexi-  

bility tes t .  A foamed sealant ,  based on the Adiprene s y s t e m ,  was 

developed for sealing the weld line c rev ice  of the dome LOX tanks.  

i s  intended fo r  the su r faces  outside the LOX chamber.  Mater ia l  and 

p rocess  specifications were  written and a r e  given in the Appendix. 

I t  has  enough flexibility a t  76°K to pas s  the 

It failed 

This was attributed to  res idua l  solvents left in the 

Adiprene L- 100 cured with cas tor  o i l  and 

Shock 

It 

V 



I. INTRODUCTION 

This  r epor t  summar izes  the work and accomplishments  of the 

second year  of this investigation. 

The basic  goals of the second y e a r ' s  p rogram remained the same  

a s  t h o s e  of t h e  f i r s t  y e a r :  to find nr de~e!c?p curzble sea lan ts ,  capable 

of field use ,  that can  be applied by brush,  spatula o r  caulking gun, and 

that will r e s i s t  s t r e s s e s  a t  temperatures  down t o  20°K. The approach 

was to s c r e e n  existing polymer systems having the lowest possible 

g lass  t ransi t ion tempera ture  and the l ea s t  tendency f o r  crystal l izat ion,  

to modify these polymers  to achieve bet ter  low t empera tu re  proper t ies  

through compounding modifications, and to  synthesize new polymers  

whose molecular s t ruc tu res  give promise  of having bet ter  low t emper -  

a tu re  flexibility. 

The screening of candidate ma te r i a l s  f o r  use  a s  cryogenic sea l -  

ants  consisted of measur ing  their f lexibil i t ies a t  76OK and observing 

their  thermal  contraction charac te r i s t ics  and volume changes down to 

76OK. 

lack of br i t t leness  a t  these tempera tures ,  that  the i r  coefficients of 

t he rma l  contraction closely match those of the me ta l  subs t r a t e s ,  and 

that  volume changes a t  transit ion t empera tu res  be minimal.  

I t  i s  required that the sealants exhibit a degree  of ductility or  

F o r  the mos t  pa r t ,  the second y e a r ' s  p rogram was a continuation 

of the f i r s t  y e a r ' s  work. I t  was directed toward a n  exhaustive evalua- 

tion of basic  polymer sys tems and existing compounded sys t ems  and 

the modification of both to upgrade their  low-temperature  proper t ies  

through fur ther  compounding and reinforcing. In addition, considerable 

efforts were  made to synthesize new polymers  with improved low temp- 

e r a t u r e  propert ies  and to solve specific hardware  problems a s  directed 

by the Contractor .  

During the y e a r ,  the Contractor 's  representa t ive  requested that 

the pr ime effort be devoted to development of sealants  compatible with 

liquid oxygen (LOX).  

this end and secondary effort was directed to the original ta rge t  r equ i r e -  

ment  of flexibility regard less  of LOX sensit ivity,  a t  t empera tu res  down 

to 20°K. 

Therefore ,  m o s t  of the effort  was directed to 

1 



11. EVALUATION O F  MODIFIED SEALANT MATERIALS 

To evaluate sealant  mater ia l s ,  candidate sealants  were  subjected 

to a low tempera ture  flexibility test  i n  an apparatus  s imi l a r  to that 

descr ibed in MIL-S-85 16 but modified by the addition of insulating walls.  

This apparatus  i s  used to bend test  s p e c i m e n  over 2 4-inch diaixztcr 

mandre l .  

aiuminum coated to  a nominal 1 / 16 inch with a sealant  to be evaluated. 

The apparatus  was cooled first  with d ry  i c e  and then with l iquidnitrogen. 

The t e s t  specimen was cooled with liquid nitrogen in a Dewar and sub- 

sequently inser ted  in  the apparatus.  

flow over  the specimen f o r  one minute and the specimen was then sub- 

jec ted  to a 4-inch radial  bend. A schematic  drawing of this apparatus  

is shown in  F igure  11-1. 

screening purposes and mater ia l s  that exhibit some flexibility by this 

t e s t  will l a te r  be subjected to the same  t e s t  a t  liquid hydrogen 

tempera ture .  

The t e s t  specimens consist of a s t r i p  of 0 .032  x 1 x 6 inch 

Liquid nitrogen was allowed to 

This liquid nitrogen bend t e s t  was used fo r  

The aluminum s t r ip s  themselves were  prepared  by cleaning 

through immers ion  in  a hot solution of sodium dichromate in  dilute 

sulfur ic  acid. Since i t  i s  r a the r  impract ical  to use  such a method for  

cleaning metals  in  the f ie ld ,  a modified formulas  has  been developed. 

Essent ia l ly ,  Cab-0-Si1 i s  added to the solution to make a paste:  

Water 30 g.  

Concentrated Sulfuric Acid 10 g. 

Sodium dichromate 1 g .  
Cab -0 -Si1 14 g .  

The pas te  was applied to the aluminum sur face  at room tempera ture .  

After  approximately 30 minutes ,  the paste  was r insed  off with tap 

water .  The aluminum sur face  was r insed with disti l led water  and 

allowed to  d ry  i n  air. 

CANDIDATE LOX-SAFE SEALANTS 

E-xisting L O X  safe p l y i m e r  mate r i a l s  available for  investigation 

a r e  quite l imited in  number.  Fluorocarbon e l a s tomers  appear  to be 

2 
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the m o s t  promising,  but they must be capable of being cured  in  place 

and have consis tencies  that would allow physical property improvements  

through m-odifications or  reinforcements.  A l i t e r a tu re  s e a r c h  indicated 

only two possible ma te r i a l s  to be available whichmeet  these requi rements .  

The first  ma te r i a l  selected was  Kel -F  Resin 800, manufactured 

It i s  supplied as a by Minnesota Mining and Manufacturing Company. 

solid and can be dissolved in a var ie ty  of solvents. 

i t  would not be cured o r  cross- l inked but would be deposited a s  a 

slightly flexible and tough solid af ter ,  the solvent has  evaporated.  

would have to be taken to protect the sealed sur faces  or  joints f rom 

solvents that could again attack-the res in .  

In use ,  therefore ,  

C a r e  

P re l imina ry  bend t e s t  specimens were  made by dissolving the 

r e s i n  in  toluene and applying the solution to cleaned and etched 

0.032 x 1 x 6 inch aluminum s t r ips .  

i n  a n  oven maintained a t  125 F to keep frothing at a minimum. To one 

s e t  of spec imens ,  fused s i l ica  was added as a reinforcing f i l t e r .  The 

formulas  tes ted a r e  given in  Table 11-1 and pictures  of the spec imens ,  

a f te r  testing, a r e  shown in  Figure 11-2. 

The solvent w a s  carefully removed 
0 

Both the filled and unfilled specimens ( F N  1 and F N  2)  failed the 

The mode of f a i lu re ,  however,  suggested that g lass  bend t e s t ,  a t  76OK. 

f ibe r s  o r  g lass  fabr ic  could improve the physical p roper t ies .  

Methyl isobutyl ketone, by itself o r  in combination with toluene, 

w a s  subsequently found to be a slightly m o r e  efficient solvent than 

toluene alone. 

a f t e r  application, leaving a res in  layer  that was much l e s s  porous.  

This solvent system was used f o r  subsequent sealant  formulat ions,  a s  

l is ted in  Table 11-11, Formulation Numbers  F N  1 through 4. 

Moreover ,  i t  was m o r e  easily removed f rom the r e s i n  

Based on resu l t s  of the prel iminary screening ,  fur ther  t e s t s  were 

made on specimens compounded with var ious reinforcing f i l l e r s ,  curing 

agents ,  and p r i m e r s .  

F N -  1 through FN-5 .  

the low t empera tu re  flexibility tes t  a r e  shown in  F igure  11-3. 

The modifications a r e  detailed in  Table 11-11 a s  

Photographs of the specimens a f te r  application of 

The f i r s t  three of these specimens w e r e  prepared  by filling 

solvent-borne Kel-F800 with F iber f rax  ( re f rac tory  shor t  s t rand  f ibe r s  

4 



I 

Composition 

Kel-F800 Resin 

Toluene 

Fused  Si l ica ,  

Kel-F80O Res in  

Amount 

25.0 g 

100 .o cc  

Tab! e 

Amount 

25.0 g 

100.0 cc  

F N::: 

2 

!I-I. Sealazts s c r z c m d .  

manufactured by the Carborundum Company) using ei ther  open weave 

g l a s s  "boat cloth", o r  181 style g l a s s  fabr ic .  Specimens made  accord-  

ing to formulation F N - 1  failed the flexibility t e s t  a t  76OK, but there  

w a s  fa i r ly  good adhesion to the aluminum subs t ra te .  

F N - 2  and FN-3 were  reinforced sufficiently s o  they did not break  in 

the t e s t ,  but a l so  they did not adhere well to the aluminum and sepa-  

ra ted  f rom the subs t ra te .  The p r imer  was changed in  FN-4  to t r y  to 

improve  adhesion of the Kel-F800 reinforced with g lass  cloth, but,  a s  

i n  the case  of FN-3,  the specimen pulled away f r o m  the aluminum sub- 

s t r a t e  in  the flexibility tes t .  

Specimens of 

The adhesion of solvent solutions of f luorocarbons to metal l ic  

su r f aces  appears  to be a problem. 

of a new p r i m e r .  

facturing Company HC912 pr imer  for  Kel-F800 was used. 

rial i s  solvent bourne and did not work well when the solvent solution 

of Kel-F800 w a s  applied to the dry p r imer  sur face .  The p r i m e r  was 

at tacked,  exposing unprimed substrate  sur face  to the Kel-F800. How - 
e v e r ,  d i r ec t  addition of the HC912 p r imer  to the Kel-F800 solution 

before application to the aluminum subs t ra te  was found to  improve  

adhesion. 

to the 181 g l a s s  fabr ic  s t r ip s  and the solvent was allowed to evaporate 

until  the prepreg  s t r i p s  w e r e  only slightly tacky. 

were  p r e s s e d  together and applied to the aluminum subs t ra te ,  the 

sys tem was cured by solvent removal a t  4OoC overnight. 

spec imen was subjected to the low-temperature flexibility t e s t ,  there  

A solution was investigated in t e r m s  

In FN-5  (Table 11-11), Minnesota Mining and Manu- 

This  mate-  

The solvent solution of Kel-F800 plus p r i m e r  w a s  applied 

After the s ix  plies 

When the 

5 



FN::' 

1 

z 

3 

4 

Composition 

Kel -F800 

Methyl Isobutyl 
Ketone 

T eluene 

F i b e r f r a x  

Chemlok 607 
P r i m e r  

Kel-F800 

Methyl Isobutyl 
Ketone 

Toluene 

Boat Cloth - 

Chemlok 607 
4 P l i e s  

P r i m e r  

Kel-F800 

Methyl Isobutyl 

181 Glas s  Cloth 

Ketone 

- 6 Pl ies  

Chemlok 607 
Primer 

Kel-F800 

Methyl Isobutyl 

181 Glas s  Cloth 

Viton A (100 g )  f 
Methyl Ethyl 
Ketone (200 ml )  
t Triethylene 
Tet ramine  ( 3  g)  
as P r i m e r  

Ketone 

- 6 P l ies  

Amount 

10.0 g 

25.0 ml  
I F ;  n - i  

12.5 g 
I d . "  I A l A  

10.0 g 

25.0 m l  

15.0 ml  

20.0 g 

50.0 m l  

40.0 g 

100.0 ml 

rFN 1 Formuiat ion Number 

7 

- 
8 

- 

Com po s iti on 

Kel-F800 

Ethyl Acetate 

3 M HC912 
P r i m e r  

- 6 l31:-- 
181 Glas s  Cloth 

I I L C 3  

Viton A 

Ethyl Acetate  

Triethylene 
T e  t r amine  

181 Glas s  Cloth 
- 4 P l i e s  

Viton A 

Methyl Ethyl 

Triethylene 
T e t r amine  

181 Glas s  Cloth 

Ketone 

- 6 P l ies  

Viton A 

LD 227 

Methyl Ethyl  

Triethylene 
Te  tr amine  

181 Glas s  Cloth 

Ketone 

- 4 Pl ies  

Amount 

100 .o g 
100.0 ml 

i n  4, 
6 A". 

25.0 g 

7 drops  

100 .o g 

200 .O m l  

1.0 g 

25.0 g 

75.0 g 

150.0 ml  

2.5 g 

Table 11-11. Sealant modification formulat ions.  

b 



F N -  1 F N - 2  

F i g u r e  11-2. Photographs  of bend t e s t  s p e c i m e n s .  

7 



F N -  1 FN-2 

F N - 3  F N - 4  

F i g u r e  11-3. Low t e m p e r a t u r e  f lexibi l i ty  t e s t  - modif icat ions.  

8 



F N - 6  F N - 5  

F N - 8  F N - 7  

F i g u r e  11-3. Low t e m p e r a t u r e  f lex ib i l i ty  t e s t  - modif ica t ions  
(cont inued) .  

9 



was sufficient adhesion to the aluminum subs t ra te  so  that t he re  was a 

fa i lure  of the top ply before the plies pulled away f rom the metal .  

Efforts to improve the Kel-F system were  continued. A solvent- 

f r e e  system of Kel-F800 and H C 9 l Z  p r i m e r  was prepared ,  which was 

suitable f o r  application a s  a pr imer  to the aluminum subs t ra te  by a 

hot-meit  technique. 

graphs fur ther  on. 

Evaluation of this p r i m e r  i s  d i scussed  a few pa ra -  

Although the Vitons a r e  not general ly  considered to have much 

flexibility a t  very  low tempera ture ,  their  usefulness i n  LOX warranted  

e f for t s  to improve their  physical p roper t ies .  Viton A ( F N - 6  and F N - 7 ,  

Table LI-11) and mixtures  of Viton A with LD 227 (FN-8) ,  a low viscosity 

f luoroelastomer of the Viton family, were  p repa red  with g l a s s  cloth 

reinforcement ,  but again there  was a problem of adhesion to the alum- 

inum subs t ra te .  Where the specimen did adhe re ,  i t  exhibited br i t t le  

fa i lure .  

Fa i lu re  to develop a suitable modified LOX-Safe sealant  caused 

the emphasis  by the investigators to be shifted toward synthesizing new 

polymers .  

this  repor t .  ) 

w e r e  continued, a s  descr ibed  below. 

(The synthesis  phase of the program i s  discussed l a t e r  i n  

However,  efforts to modify and improve existing sealants  

The ma te r i a l s  discussed above failed due either to lack of adhe-  

s ion to the aluminum subs t ra te  o r  to  f r ac tu re  of the e l a s tomers  during 

flexibility t e s t s .  

forced  e las tomer  with good flexibility a t  low t empera tu res  i s  required.  

During the quar te r  ending 15 March 1963, additional LOX-Safe sealant  

modifications were  developed. To satisfy the f i r s t  requi rement ,  that  

of a p r i m e r ,  a hot mel t  p r i m e r  was developed. The p r i m e r  consis ts  

of Kel -F  800 r e s in ,  manufactured by the Minnesota Mining and Manu- 

facturing Company, HC-912 pr imer  concentrate ,  a l so  f rom 3M, and 

methyl ethyl ketone. 

following way: 

ethyl ketone. To this solution, 2 5  gm. of HC-912 concentrate (5.25gm. 

sol ids)  was added. The solution was then washed with hexane to remove 

the methyl ethyl ketone, and the solid ma te r i a l s  were  dr ied  a t  3OoC 

Therefore ,  a composite of a good p r i m e r  and rein-  

To facilitate i t s  u se ,  the p r i m e r  was made in  the 

100 gm. Kel-F 800 was dissolved in  200 gm. methyl 

10 



until a lmos t  all of the hexane was removed. 

applied in  a thin film to aluminum s t r ip s  heated to approximately 

145OC in  a n  oven o r  by a heat  gun. 

was rubbed over the hot meta l  surface.  

Kel -F  formulations on etched aluminum, was sat isfactory and this 

p r i m e r  w a s  used oii all siibsecjueiii t es t  spezimeiis.  

sent  to NASA fo r  LOX impact  testing, the r e su l t s  of which a r e  descr ibed  

in  a subsequent pa r t  of this section. 

The p r i m e r  was then 

In this p rocess ,  the p r i m e r  "stick" 

The observed adhesion, using 

This  ixatzria! W ~ S  

To sat isfy the second requirement ,  that  of a reinforced e las tomer  

with good flexibility at  low tempera tures ,  screening was continued on 

sealant  formulations based on modifications of the Kel -F  800 res in .  

This  ma te r i a l  was supplied as a solid that can be dissolved in  a var ie ty  

of solvents and applied to surfaces to be sealed.  When the solvent was 

dr iven off through heating, a slightly flexible and tough solid remained 

that  was reputed to be LOX safe. 

The t e s t s  previously discus sed  describing the m a t e r i a l  applied in  

bulk and reinforced with g lass  and ce ramic  f ibe r s  and a l s o  with 181 

s tyle  g l a s s  fabr ic ,  were  encouraging enough to war ran t  fu r the r  efforts 

to  inc rease  bend res i s tance  through g la s s  fiber re inforcement .  

sequently,  p re-preg  techniques w e r e  devised and tes ted i n  the following 

way. 

Sub- 

One s e t  of bend specimens,  designated Formulat ion Number 1 in 

Table LI-111, was prepared  by dissolving 50.0 gm. Kel -F  800 r e s i n  in  

100.0 gm. methyl ethyl ketone and adding 12.5 gm. HC-912 p r i m e r  

concentrate.  181 style g l a s s  fabric was then impregnated with this  

solution and was air dr ied  f o r  1 / 2  hour. A second coat was applied 

and a f t e r  15 minutes ,  while i t  w a s  s t i l l  tacky, s ix  plies of the impreg-  

nated f a b r i c  were  p re s sed  together on newly etched aluminum s t r ip s  

previously pr imed with the hot me l t  p r i m e r .  The specimens were  then 

cured  i n  an  air-ci rculat ing oven fo r  2 4  hours  a t  32OC,  then overnight at 

65OC. 

representat ive specimen,  after t e s t ,  i s  shown i n  F igu re  11-4. 

All  specimens successfully passed the bend t e s t  a t  76OK and a 

A second se t  of specimens,  f rom Formulat ion Number 2 in  

Table 11-111, was made in  the same manner ,  except that t h ree  plies 

11 



FN- 1 F N - 2  

F N - 3  F N - 4  

F i g u r e  11-4. Spec imens  af ter  bending a t  76 0 K .  

1 2  



F N - 5  F N - 6  

F N - 7  

F i g u r e  11-4. Spec imens  a f t e r  bending a t  76  0 K (cont inued) .  
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were  given th ree  coats with a 1 hour air d r y  between each  coat and 

the specimens were  cured  overnight a t  80 C. 0 

A third s e t  of spec imens ,  f rom Formulat ion Number 3 i n  

Table 11-111, was made  using three plies a i r  d r i ed  overnight,  a f t e r  each 

of t h ree  coatings was air dr ied  1 / 2  hour. 

siightiy tacky by heating with a heat gun and then w e r e  pressed  togeiiier 

on newly etched and pr imed aluminum s t r ip s .  Curing was again accom- 

plished overnight at 8OoC. 

The d r y  plies were  made 

The fourth se t  of specimens,  f rom Formula t ion  Number 4 in  

Table 11-111, was made  i n  a s imi la r  manner .  However,  the HC-912 

was omitted f rom the impregnating res in .  

made  slightly tacky before application by heating. 

The d r y  plies were  again 

The resu l t s  f rom these tests show the inherent  flexibility a t  

76OK, of the Kel -F  800. 

bend t e s t ,  with this ma te r i a l  lacking the s a m e  degree  of adhesion a s  

the o thers .  

but may  be due to attack on the p r imer  by the residual  solvents in  the 

impregnating r e s in .  An extensive drying of the plies was not accom-  

plished h e r e  as in  the l a t e r  specimens.  

All but Formulat ion Number 2 passed the 

The reason  for  this lack of adhesion i s  not yet  understood 

Inclusion of the HC-912 in  the r e s i n  i s  not requi red ,  a s  shown 

by the resu l t s  of Formulat ion Number 4. 

to remove the possibil i ty of LOX instabil i ty due to smal l  amounts of 

the HC-912 remaining in  the cured res in .  

Indeed, i t  i s  m o r e  des i rab le  

The technique of using dry pre-preg  techniques appears  to offer 

a significant advantage i n  the use of this sealant .  

problem of solvent removal  (a limiting factor  in  a ma te r i a l ' s  LOX 

stabil i ty) reduced,  but field use may be simplified by supplying the 

u s e r  with impregnated g lass  fabric ready for use .  

Formulat ion Number 4 pre-preg has been given to NASA for  LOX 

impact  testing. 

to determine the degree  of peeling adhesion a t  76OK. 

and resu l t s  a r e  given in  a subsequent par t  of this r epor t  section. 

Not only w a s  the 

A sample of 

In addition, tee peel specimens were  made and tes ted  

The procedure 
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F N:;: 

1 

2 

Composition 

K e l - F  800 
(dissolved i n  
M. E. K. ) 

HC-912 
(2  :yo 3o:ids; 

6 p l ies  181 g l a s s  

Hot melt  p r i m e r  

cloth 

Kel-F 800 
(dissolved i n  
M.E.K.)  

(217'0 sol ids)  

cloth 

HC-912 

3 plies 181 g lass  

Hot melt  p r i m e r  

Kel -F  800 
(dissolved i n  
M.E.K.)  

(2 1% sol ids)  

cloth 

HC-912 

3 plies  181 g lass  

HC-912 concen- 
t r a t e  p r i m e r  

Ke l -F  800 
(dissolved i n  
M.E.K.)  

4 pl ies  181 g l a s s  
cloth 

Hot m e l t  p r i m e r  

Amount 

50.0 g. 

1 3  I;" 
A k . 2  6 .  

50 .O g. 

12.5 g .  

50.0 g.  

12.5 g.  

1 o o . o g .  

FFN = Formulat ion Number 

C om posit ion 

Adiprene L- 100 

Cas tor  oil  

Ke l -F  oi l  No. 3 
Cab- 8- Si? 
Chemlok 607 --. - pl l l l l er  

Adiprene L-  100 

Cas tor  oil  

Ke l -F  oil No. 3 

Cab -0- Si1 

4 plies 181 glass  
cloth 

Adiprene L- 100 

Castor  oil 

Ke l -F  oil  No. 3 

Cab- 0- Si1 

Chemlok 607 
p r i m e r  

Amount 

12.5 g.  

4.5 g.  

8.5 g.  
1 ? n  

6' .. .- 

12.5 g.  

4.5 g.  
8.5 g.  

1.3 g. 

12.5 g.  

4.5 g.  

12.8 g.  

1.5 g .  

Table 11-111. Sealant modification r 'ormuiations. 
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In the work reported on the development of cryogenic potting 

compounds' the addition of a LOX compatible Wiler to a n  Adiprene 

e las tomer  provided a composite that  was LOX safe .  Work, therefore ,  

was undertaken to develop a LOX compatible sealant  by the addition of 

Ke l -F  oils to the Adiprene L- 100 cas to r  oil sea lan t  found previously 
io be servizeab!2 at temperature. s---: ---- -.*- - -  +L-..- 

pCLJ.LllClla W G I  C L l l C A  

prepared  to determine the compatibility of the f luorocarbon oil with 

the polyurethane and to establish the s t rengths  of such a plasticized 

sys tem.  

Bend t e s t  specimens,  designated Formulat ion Numbers  5 and 6 

in  Table 11-111, were  made f r o m  the same  basic  sys t em,  except that 

F N - 6  was reinforced with g l a s s  fabr ic .  Formulat ion Number 7 was 

used to  make  bend t e s t  specimens using the maximum amount of Ke l -F  

oil  tolerated in  the system. All specimens were  cured  16 hours  a t  85OC. 

The tes t  r e su l t s  indicate the abil i ty of this sealant to r e s i s t  bend- 

P ic tu re s  of representa t ive  ing loads a t  76'K when suitably reinforced. 

specimens a f t e r  testing a r e  shown in F igure  11-4. 
Shortly a f t e r  these t e s t s  were run,  the Hughes Aircraf t  Company 

was  directed by the Contracting Agency to re f ra in  f r o m  fu r the r  work on 

th i s  approach because of the Contracting Agency's disagreement  with 

conclusions of Reference 1. 

approach,  samples  of Formulation Number 7 were  sent  to NASA for  

LOX impact testing. 

to provide NASA with fu r the r  evidence a s  to the LOX sensit ivity of the 

mater ia l .  

section. 

Although this did not appear  to be a fruitful  

This  was done for  the sake of completeness  and 

These impact tes t  results a r e  given on page 19 of this 

Samples of Kel -F  3700 gum stock were  received and a sealant  

was  compounded on a rubber  mill using the following formulation: 
Kel -F  3700 - 100 g r a m s  

- zinc oxide 5 g r a m s  

1. R. J. Boot, C. B. Murphy, and 0. L. Smith, "The Development 
of Potting Compounds f o r  Cryogenic Application, 
P rocess ing ,  October 1962. 

P l a s t i c s  Design and 
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Dyphos (Dibasic lead phosphite, 

HMDA (hexamethylene diamine 

National Lead Go.) - 5 g r a m s  

carbamate  - 3 M C o . )  - 1.3 g r a m  

Bend t e s t  specimens were  made with this formulation using,  i n  one 

c a s e ,  Chemlok 607 p r i m e r  and, i n  another ,  Ke l -F  800 hot m e l t  p r i m e r .  

In both instances,  the t e s t  specimens failed the bend t e s t  at 76OK, 
exhibiting br i t t l e  fa i lure .  Also. because this ma te r i a l  was a gum 

stock requiring fa i r ly  high curing tempera tures  and p r e s s u r e s ,  it was 

not considered usable under the scope of the contract .  

P E E L  TEST OF CANDIDATE LOX-SAFE SEALANT 

In fur ther  evaluating the reinforced Kel-F 800 sealant ,  tee  peel 

t e s t s  were  made using Formulation Number 4. 
g las s  fabr ic  were  used to bond two 0.020 x 1 x 12 inch etched and hot 

m e l t  pr imed aluminum s t r ip s .  

100°C. 

w e r e  tes ted a t  76OK. 

Four  plies of 181 s tyle  

They were ' t hen  cu red  overnight at 

Five specimens were  tested at room tempera tu re  and five 

The results a r e  given in  Table 11-IV. 

The resu l t s  indicated that this ma te r i a l  r e s i s t ed  the the rma l  

shock without failing and that  acceptable peel s t rength values a r e  

maintained at 76OK. 

the ini t ia l ,  high, and low values of each t e s t ,  these  f igures  may be 

misleading. 

and one may conclude that af ter  the initial b reak  the peel s t rengths  

dropped to ze ro .  This  was not the case ,  however,  and the average  

values were  maintained a t  a finite figure above ze ro .  

values ,  a t  7 6 O ~ ,  averaged between 2 and 3 lb.  /in. 

Although the values reported in  Table 11-IV show 

The init ial  and high values in each instance a r e  the s a m e  

Typical "steady" 

Representat ive specimens,  af ter  t e s t ,  a r e  shown i n  F igu re  11-5. 

IMPACT TEST OF CANDIDATE LOX-SAFE SEALANTS 

Samples of the following mater ia ls  were  sen t  to NASA f o r  LOX 

impact  testing. 

SPEC- 106, titled "Compatibility of Mater ia l s  for  Liquid OxygenSystems." 

The tes t s  were conducted in  accordance with MSFC- 
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Specimen 
No. 

1 

2 

3 

4 

5 

6 
7 

8 

9 
10 

11 

P e e l  Strength ( 

Init ial  

48. 4 

8. 2 

6.7 

1. 8 

30.0 

19. 7 

8. 9 
13.0 

10.7 

11.7 
.b ‘6% 

‘:Failed in  g r ips  

High 

48.4 

8 . 2  

6.7 

1.8 

30.0 

19.7 

8 . 9  
13.0 

10.7 

11.7 
.c -4, 

I / in) 

Low 

0.0 

0.0 

1.0 

0. 3 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 
.*, e,- 

Fa i lu re  

Adh. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

C oh. 
T e s t  

Tempera ture  

Room Temp. 

Room Temp. 

Room Temp. 

Room Temp,  

Room Temp. 

760k. 
760k. 
760k. 
760k. 
760k. 
760k. 

Table 11-IV. Tee peel tests - Kel-F  800 Formula  No. 4. 

Compositions of the specimens and resu l t s  of the t e s t s  a r e  as follows: 

Impact Energy No. Reactions 1 
Material  f t - lbs  No. Tes t s  

Kel -F  Hot-Melt 
P r i m e r  

Kel -F  800- 
Im p r  egna te d 
Glass  Cloth 

72.3 
36. 15 
21.69 

7.  23 

72.3 
36. 15 

Polyurethane- 72.3 
Kel -F  Impregnated 36. 15 
Glas s  Cloth 21.69 

7.23 

3 14  
0116 

As these sensit ivity levels a r e  excessive to minimum NASA 

requi rements ,  the compositions involved were  disapproved for  u se  in  

LOX sys t ems .  



As the sensit ivity may be at t r ibuted,  in  pa r t ,  to solvent entrapped 

in  the hot-melt  p r i m e r ,  NASA recommended that  additional work with 

the Ke l -F  800 hot-melt  p r imer  include investigations of other solvents,  

such as trichloroethylene and a lightweight chlorofluorocarbon oil, i n  

efforts to reduce the sensitivity levels .  

However, the scope of work fo r  the third y e a r ' s  effort  has  been 

modified to emphasize synthesizing of new polymers  fo r  cryogenic 

sea lan t  u s e  r ega rd le s s  of LOX-sensitivity. Therefore ,  a continuation 

of LOX-Safe sealant  development using these  new techniques has  been 

shelved. 

CANDIDATE SEALANTS FOR NON-LOX APPLICATIONS 

For non-LOX applications, sealants  based upon the existing 

Adiprene L-  100, ca s to r  oil system, and upon a newly synthesized 

sil icone polymer,  were  tes ted to show their  res i s tance  to bending at 

76OK. 

a r e  shown in  F igu re  11-6. 
Fo rmulas  a r e  shown in  Table 11-V and representa t ive  specimens 

F ibe r f r ax  washed f ibe r s  and a sbes tos  were  used in  the Adiprene 

formulations i n  fur ther  attempts to provide reinforcement  of good load 

car ry ing  proper t ies  that will give an  overa l l  sealant coefficient of thermal  

expansion approximating that of aluminum. 

the res in  before application would be more  conveniently used than the 

present  g lass  fabr ic  reinforced system. 

promis ing ,  even though the F iber f rax  wets e a s i e r  and provides a 

sealant  viscosity lower than the g lass  f iber  formula.  

Such reinforcements  in 

Neither formula appears  

The sea lan t  bend specimens ( see  Table 11-V) were  screened  using: 

(1) Adiprene L-100, cas tor  oil and f ibe r f r ax  washed f ibe r s ,  (2)  Adi- 

prene L- 100, cas to r  oil and asbestos  f i l l e r  and (3 )  Polybutylmethyl- 

siloxane polymers previously prepared in  the laboratory.  

amount of polybutylmethylsiloxane (shown in Table 11-V, FN-3)  w a s  

intended to provide a silicone having the proper t ies  of non-crystall inity 

and s t i l l  maintaining the inherent low t empera tu re  proper t ies  of a 

dimethyl si l icone. However, the synthesized polymer exhibited br i t t l e  

The sma l l  
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F N - 2  F N -  1 

F N - 3  

F i g u r e  11-6. Photographs  of bend t e s t  s p e c i m e n s .  
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2 

Compo s i  t i  on 

Adiprene L-  100 

Castor  oil 

Fibe rf rax 
(washed)fiber s 

p r i m e r  
Chemlok 607 

Adiprene L- 100 

Castor  oil 

Asbestos ,  med- 
ium grade ,  
acid washed 

Chemlok 607 
p r i m e r  

Amount 

100.0 g.  

36.0 g. 

50.0 g. 

I 
100.0 g.  

36.0 g. 

50.0 g. 

Compo sit ion 

Polybutylmeth- 
yl s i loxan e 

Polydim e thy1 - 
s i 1 o xane 

Cab- 0- Si1 

Benzoyl - 
per  oxide 

Chemlok 607 
p r i m e r  

Amount 

7.5 g .  

92.5 g .  

2.0 g. 

1.6 g. 

F N  = Formulat ion Number 

Table 11-V. 

fa i lure  and shows no improved low t empera tu re  flexibility over a 

s t ra ight  dimethyl silicone a t  76OK. 

a l s o  failed a s  shown in  F igu re  11-6. 

Formulat ion numbers  1 and 2 

Therefore ,  the s e a r c h  for existing ma te r i a l s  was continued. 

Sealants which were  obtained from commerc ia l  sources  and subjected 

to the low tempera ture  flexibility t e s t  a t  76OK, a r e  l isted i n  Table 11-VI. 

The procedure for subjecting mater ia l s  to flexibility t e s t  was descr ibed 

ea r l i e r  i n  this report .  

u r e  11-7. 

fa i lure  o r  by cracking. 

war ran t  fur ther  testing a f te r  modification. 

Adiprene type, designated ECD-420, was reported by duPont to  re ta in  

a g rea t e r  degree  of flexibility than Adiprene L-  100 a t  t empera tures  

down to  -65OF (219OK). 

testing w a s  Genera l  E lec t r i c ' s  experimental  silicone rubber ,  RTV-X5 11 

Photographs of specimens a r e  shown i n  F ig -  

All  of the ma te r i a l s  failed the screening t e s t  e i ther  by br i t t le  

Two of the products showed enough p romise  to 

A polyurethane r e s i n  of the 

The other ma te r i a l  that  warranted fur ther  
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F N -  1 F N - 2  

F N - 3  F N - 4  

F N - 5  

F i g u r e  11-7. Low t e m p e r a t u r e  f lexibi l i ty  t e s t  - new s e a l a n t s .  

2 3  



The existing sealants  which showed promise  in  the low t empera tu re  

flexibility t e s t  were  modified by compounding with var ious reinforcing 

f i l l e r s  or  curing agents  or  by changing the p r i m e r .  The modifications 

a r e  detailed in  Table 11-VII. Photographs of the specimens a f te r  modi- 

f ication and application of the low t e m p e r i t u r e  flexibility t e s t  a r e  shown 

in F igu re  11-8. 

C i ~ p v e t l  conner rr =eta! f ibers  w z r c  incorpora ted in the  Adiprene G :GO 

plus cas to r  oil system (Table 11-VII. F N -  1) i n  a n  a t tempt  to provide a 

f i l l e r  sys tem that would be contained. i n  the r e s i n  before sealant  appli-  

cation. Since the f ibe r s  a r e  curved, it w a s  hoped that they would pro-  

vide an  interlocking la t t ice  which would give reinforcing continuity 

throughout the sealant.  However, these  f ibe r s  did not furn ish  sufficient 

re inforcement  as the specimen failed the flexibility tes t .  Aluminum was 

added to this s ame  Adiprene L-100 plus cas to r  oil system ( F N - 2 ) ,  but 

i t  too failed to provide sufficient re inforcement .  

d i f fe ren t  approach,  the Adiprene L- 100 foam (FN-3),  p repared  accord-  

ing to one of the foamed-in-place c rev ice  sealant  fo rmulas ,  a l s o  f r a c -  

t u r e d i n  the flexibility tes t .  

Using a somewhat 

I t  was found that ECD-420 reinforced with mil led g l a s s  f ibe r s  

(FN-4) o r  181 g lass  cloth (FN-5) did not perform a s  well a s  the s tandard 

Adiprene L-100 a t  t empera tures  down to -65OF (219OK). 

ma te r i a l  was dropped f r o m  further consideration. 

The ECD-420 

One sealant  modification that has  shown p romise  i s  the re inforce-  

ment  with 181 g la s s  cloth of General E lec t r i c  RTV-X511 sil icone rub-  

ber  (FN-6) .  

c a r r i e d  on f o r  fur ther  evaluation. 

This ma te r i a l  did pass the flexibility t e s t  a t  76OK and was 

Bend t e s t  specimens were  prepared  and tes ted at 76OK withanother 

experimental  si l icone sealant manufactured by Genera l  E lec t r i c  C o .  

This sea lan t ,  designated RTV-X560, i s  s imi l a r  to the RTV-X5 11 that 

w a s  considered (along with the Adiprene L-100 cas tor  oil  sealant)  a s  

the bes t  candidate sealant  for non-LOX use  down to Z O O K .  

specimens reinforced with g lass  f ab r i c  passed the bend t e s t ,  and pic- 

t u re s  of representa t ive  specimens a f te r  t e s t  a r e  shown in  F igu re  11-9. 

The formulations a r e  given in Table 11-VIII. 

The RTV-X560 

The RTV-X511 and 
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RTV-X560 a r e  chemically s imi la r ,  having bulky side groups on the 

si loxane backbone. This renders  them incapable of crystal l izat ion 

during the expected cooling conditions, a s  shown in  the the rma l  con- 

t rac t ion  studies of this report .  

RTV-X5 11 silicone sealant i s  also given in  a la te r  sect ion of this report .  

The r e su l t s  of vibration tes t s  on 

I F N::: 

1 

2 

3 

4 

5 

.,, -1- 

Table 11-VI. New sealants  screened.  

Product  De signation 

DuPont ECD-420 cured  with 

cas tor  oil.Chemlok 607 

p r imer  

Dow Corning Q-2-0 103 

Dow Corning QA-2- 10 11 

p r i m e r  

Products  Research  PR- 1540 

Products  Research  PR-  153 1 

p r i m e r  

Products  Research  PR- 1536 

Products  Research  PR-  153 1 

p r imer  

G E  RTV-X511 

Dow Corning QA-2- 10 11 

p r imer  

Product  Type 

Polyurethane 

Silicone 

Polyurethane 

Polyurethane 

Silicone 
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F N -  1 

F N - 3  

F N - 2  

F N - 4  

F N - 5  F N - 6  

F i g u r e  11-8. Low t empera tu re  f lexibi l i ty  t e s t  - modif ica t ions .  
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F N -  1 F N - 2  

F i g u r e  11-9. Specimens a f t e r  bending a t  76OK. 
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Compo sit ion 

2 

3 

Table 11-VII. Sealant modification formulat ions . 

Adiprene L-  100 

Cas tor  oil 

Fibe r f  rax 
(washed) f ibe r s  

curved 
Copper f ibe r s ,  

Adiprene L-  100 

Castor  oil 

Fiberf rax 
(washed) f ibe r s  

Aluminum wool 

Chemlok 607 
pr im e r 

Adiprene L- 100 

MOCA (curing 

DABCO (catalyst: 

XF- 1034 (surfac 
tant)  

W a t e r  

Milled g l a s s  

Chemlok 607 

agent) 

f ibers  

p r i m e r  

Foam formed 
on the a lumi-  
num s t r i p  

Amount 

100 .o g. 

36.0 g. 

25.0 g. 

25.0 g. 

.oo.o g. 

36.0 g. 

25.0 g. 

29.0 g. 

.oo.o g. 

9.7 g. 
0.2 g. 

2.0 g. 

0.2g. 

31.6g. 

Compo sit ion 

CCD 420 

3astor  oil 

d i l led  g l a s s  

3hemlok 607 

f i b e r s  

p r i m e r  

3CD 420 

3astor oil 

18 1 g l a s s  cloth 
- 6 plies 

3hemlok 607 
p r i m e r  

tTV-X5 11 

rhe rmol i t e  12 

18 1 g l a s s  cloth 

catalyst  

- 6 plies 

p r i m e r  
2 A-2-1011 

Amount 

100.0 g. 

25.0 g .  

23.5 g .  

100.0 g. 

25.0 g. 

100.0 g .  

0.5 g.  
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F N::' 

2 1 

C om po sition 

RT V - X 5 60 Silicone 

T-12 catalyst  
rubber  

Composition 

RTV-X560 Silicone 

Thermoli te  12  Catalyst 

QA-2 10 11 p r i m e r  

rubber 

I kFN = Formulat ion Number 
I 

Table 11-VIII. Sealant modification formulations.  
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111. N E W  CANDIDATE POLYMER SYSTEMS 

SYNTHESIS O F  NEW POLYMERS 

Because it i s  important to have a cryogenic sealant  which is 

insensit ive to liquid oxygen, synthesis of fluorinated ma te r i a l s  w a s  

considered. Fluorinated polymers,  such as Teflon and Kel-F,  a re  

insensit ive to  liq1.1.id. oxygen; however, i t  is d.ifficult. to bond them to metal 

surfaces .  

o r  fluorochloromethylene groups which do not have much adhesive power. 

F u r t h e r m o r e ,  the i r  s t ruc ture  is such that there  is no s imple method of 

curing them af ter  application to' metal sur faces .  

. .  

This is because they consist of repeating difluoromethylene 

In o r d e r  to make a fluorinated polymer containing functional 

groups which can be used f o r  curing p rocesses ,  condensation of f luori-  

nated dicarboxylic acids and fluorinated glycols to the corresponding 

polyesters  was attempted. 

The compounds hexafluoroglutaric acid and 2 , 2 , 3 ,  3 , 4 , 4 - 

hexafluoro-1 , 5 -pentanediol a r e  commercially available. These two 

compounds have been used to prepare a fluorinated polyester  by the 

following reaction: 

n H02CCF2CF2CF,C02H d -k n HOCH2CF2CF2CFZCH20H - 
0 0 
I I  I I  

HOf CCF2CF2CF2C - OCH2CF2CF2CF2CH20 j n H  t (2n-1) H 2 0  

The reaction w a s  c a r r i e d  out by refluxing a solution of the two com-  

pounds in xylene and collecting the water  produced by the condensation. 

Benzene w a s  not sat isfactory as a solvent for  the reaction because the 

compounds would not dissolve completely in i t .  The condensations in 

xylene produced approximately half the amount of water  theoretically 

possible,  even when ac id  catalysts such a s  p-toluenesulfonic acid and 

sulfuric acid were  incorporated. 

ceed fu r the r  because the product precipitated f rom the reaction mixture  

a t  this point. 

The condensation reaction did not p ro -  

The fluorinated polyester w a s  isolated but could not be 
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purified fur ther ,  since no common laboratory solvent w a s  found which 

would dissolve the mater ia l .  The product was a granular  solid with a 

slightly waxy surface.  

solid. 

change when kept under 5 0 , 0 0 0  p s i  p r e s s u r e  a t  2OO0C for  a few hours.  

It did not mel t  on heating, but changed to a black 

Heat and p r e s s u r e  had very l i t t le effect since the product did not 

Since the condensation did not yield the theoret ical  amount of 

water ,  preparat ion of the fluorinated polyester w a s  attempted by the 

f o 110 wing p r oc e du r e : 

0 0 
I I  I I  

H02CCF2CF2CF2CQH t 2S0C124 ClCCF2CF2CF2CCl 

0 0 

n CICCFZCF I 1  CF2CCl I! t n HOCH2CF2CF2CF2CH20H --. .-. H2° 2 

0 0 
I 1  I 1  

HO -(- CCF2CF2CF2C -OCH2CF2CF2CF2CH20jn H 

The hexafluoroglutaric acid was refluxed with an excess  of thionyl 

chloride for  some t ime,  and then the unreacted thionyl chloride w a s  

removed by distillation under vacuum. Surpris ingly,  the whole reaction 

mixture  disti l led,  leaving no residual product. The reaction w a s  

repeated with the s a m e  result .  A.pparently the hexafluoroglutaryl 

chloride formed and then decomposed into volatile mater ia l s .  

quently, the polyester  could not be synthesized in this way. 

Conse - 

Curing of the fluorinated polyester is made possible by the 

presence  of te rmina l  hydroxyl and/or  carboxyl groups on the polymer 

cha ins ,  and by the possibil i ty of e s t e r  interchange with t r i -  o r  t e t r a -  

substituted carboxylic acids and alcohols. 

polyester was not soluble,  curing experiments  w e r e  f i r s t  

c a r r i e d  out on a s imi l a r  unfluorinated polyester  made f rom adipic 

acid and 1 , 5  -pentanediol: 

Because the fluorinated 
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n H02CCH2CH2CH2CH2C02H t n HOCHZCH2CH2CH2CH20H - 
0 0 
I 1  1 1  

HOf CCH2CH2CH2CH2C - OCH2CH2CH2CH2CH20Sn H t (2n-1)  H 2 0  

In one experiment ,  this polyester w a s  t rea ted  with pyromelli t ic dianhy- 

dr ide  , the anhydride of a benzenetetracarboxylic ac id ,  

0 

0 

The product w a s  a t  l ea s t  partially cured ,  

0 

C 
I 1  

‘ 0  
C’ 
I I  

0 

since i t  was tougher and m o r e  

viscous than the original polyester. In another experiment ,  the con- 

densation to the polyester was car r ied  out in the  presence  of pyro-  

mel l i t ic  dianhydride, the pyromellitic dianhydride replacing some of 

the adipic acid in the condensation mixture .  

polymer was obtained, indicating that the pyromelli t ic dianhydride had 

par t ia l ly  cured  the polyester.  In a third experiment ,  a hydroxyl- 

terminated prepolymer was prepared f rom pyromelli t ic dianhydride and 

1 , 5  -pentanediol: 

A.gain a ve ry  viscous 

0 0 

0 t 4 HOCH2CH2CH2CH2CH20H 

1 1  I 1  

0 0 

HOCH2CH2CHZCH2CH20C 
I t  

0 
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This prepolymer  was then treated with adipic acid and m o r e  1 , 5 -  

pentanediol. A tacky gum resulted. 

Since the fluorinated polyester was not soluble in any solvent,  

an e s t e r  condensation w a s  ca r r i ed  out with a mixture  of two p a r t s  of 

hexafluoroglutaric acid and three p a r t s  of 2,2,3,3,4,4-hexafluoro-1,5- 

pentanediol in an attempt to obtain a low -molecular -weight hydroxyl- 

te rmina ted  prepolymer which could be t rea ted  fur ther  with pyromelli t ic 

dianhydride. 
previously obtained, with l e s s  than the theoret ical  amount of water  

formed as before .  

it was mixed with pyromelli t ic dianhydride and heated without solvent 

a t  260 to 3OO0C fo r  eight hours.  

The product w a s  as intractable a s  the fluorinated polyester  

Since the product was insoluble in solvents ,  

There  was no significant reaction. 

In another condensation, the fluorinated monomers  were  com-  

bined with pyromelli t ic dianhydride and the condensation was then 

c a r r i e d  out. 

water  had been collected when the product separa ted  f rom the react ion 

mixture.  

m o r e  water.  

a s  a sealant. 

As before,  only about half of. the theoret ical  amount of 

Continued refluxing did not resul t  in the formation of any 

The product  was a white solid which did not s eem usable 

The fluorinated polyester was t rea ted  with seve ra l  other  ma te  - 
r i a l s  which can r eac t  with terminal hydroxyl o r  carboxyl groups in an 

at tempt  to cu re  it. 

with 

Port ions of the solid polyester were  heated a t  19OoC 

( 1 ) 
(2) glycerol 

( 3 )  dicumyl peroxide 

( 4 )  phenyltrichlorosilane 

(5 )  diphenylmethane -4,4 '-diisocyanate 

N , N ' -dicinnamylidene - 1 , 6  -hexanediamine 

fo r  three days,  but,  other  than decomposition of the curing agent and 

some  discoloration, there  was no  evidence of reaction. F u r t h e r  work 

with the fluorinated polyester  was stopped. 

The work on polybutylmethylsiloxanes, discussed in the F ina l  

Report  of the f i r s t  yea r ,  was continued. 

encountered in curing the polymethylbutylsiloxanes, vinyl groups were 

Because of the difficulty 

3 3  



incorporated into the polymers  along the siloxane chain. 

accomplished by catalytic equilibration of mixtures  of te t rav inyl te t ra -  

methylcyclotetrasiloxane , tetrabutyltetramethylcyclotetrasiloxane , and 

octamethylcyclotetrasiloxane. The 1 ,  3 ,5 ,7 - t e t r av iny l - l ,  3 , 5 , 7 -  

te  t r am e thylc yc lo te t r a siloxane was p repa red  by acid hydrolysis of 

vinylmethyldiethoxysilane a s  shown in the following equation: 

This was 

HC1, H20  
4 (C H2 =CH)( C H3 )Si( OC 2H5 ) ~ . 

CH3 I 

0 0 

I 
CH -CH-Si- 0- Si-CH=CH2 

2-  I 1 

CH3 CH3 

The product obtained w a s  actually a mixture  of cyclic t e t r a m e r ,  

pentamer ,  and hexamer;  fo r  the purpose of the equilibrations,  i t  was 

assumed to be all cyclic te t ramer.  

Because of i t s  ready availability, a 25 percent  aqueous solution 

of tetramethylammonium hydroxide was t r i ed  as an equilibration ca ta  - 
lys t ,  but the resul tant  polymers  did not have a s  high a molecular  weight 

a s  obtained previously. 

methylammonium hydroxide was dehydrated under vacuum with v e r y  

slight warming to give solid tetramethylammonium hydroxide (con-  

taminated with a l i t t le  of the corresponding carbonate and some water ) .  

This  solid catalyst  gave good polymers,  but decomposition of the cata-  

lys t  by heating above 15OoC after the equilibration leaves t r imethyla-  

mine in  the polymer.  

decomposition of the peroxides used a s  curing catalysts ;  hence, the 

qua ternary  ammonium hydroxide w a s  d i scarded  a s  an equilibration 

catalyst .  

A f r e sh  solution of 25 percent  aqueous t e t r a -  

Trimethylamine is  known to  cause  rapid 
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Use of t e t r a  -n-butylphosphonium silanolate ca ta lys t ,  mentioned 

in the f i r s t  yea r  F ina l  Report ,  was discontinued, because the catalyst  

solution was not stable. 

t empera ture  to a point where it was too viscous for  use. 

The siloxane solvent polymerized a t  room 

The equilibration catalyst  of choice is now an aqueous solution of 

tetra-n-butylphosphonium hydrcxide. It is iiiade I'rom tri-n-butylphosphine 

as previously descr ibed.  The catalyst is added at  110 - 12OOC to the 

cyciosiioxane mixture  to be equilibrated, and the removal  of water  i s  

speeded by blowing nitrogen gas over  the sur face  of the mixture  for  

s e v e r a l  minutes. 

successful.  

cause  the ex t r a  water  added with the catalyst  to the l a r g e r  react ion 

mixture  must  be removed. 

does not equi l ibrate ,  o r  requires  the addition of m o r e  catalyst  before 

s igaif i c  ant reaction take s plac e. 

Unfortunately, the equilibrations a r e  not consistently 

Difficulty a r i s e s  in  scaled-up experiments ,  probably be- 

Occasionally the mixture  of cyclosiloxanes 

Two different mix tures  of cyclosiloxanes were  converted by 

equilibration to polysiloxanes with random alkyl side -groups attached 

to the si l icon atoms. The two equilibrations were c a r r i e d  out for  two 

hours  a t  about 115 Cy using aqueous tetra-n-butylphosphonium hydrox- 

ide as a catalyst .  The resulting siloxanes had the following alkyl group 

composition: 

0 

B4200-4 B4200-7 

Vinyl 1. 12 mole% 1. 16 mole% 
Butyl 3. 32 mole% 6. 90 mole% 
Methyl 95. 6 mole% 91. 9 mole% 

m tj" = c H 2 + + n { ~ ~ o ~ p  

CH3 CH3 . - 4 4 

CH3 I 
1 

-c H3 

Si- 
catalyst  

OI: - 
4 

Si- 0 

CH3 ' t  
4m 4n 4P 
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It  was found that the resulting polymers  could be cu red  eas i ly  by 

dicumyl peroxide on heating at 100°C fo r  s eve ra l  hours.  

curing i s  inhibited by a i r ,  so  the polymer samples  a r e  e i ther  covered 

in the oven o r  cured  in a vacuum oven. 

t r i ed  (dihutyltin di laurate ,  50 percent benzoyl peroxide in  silicone o i l ,  

p-cumyl hydroperoxide, GE 720-28-1 3B) but showed no advantage ove r  

d i c i c l r r . x r l  nprnvidp 2nd were  c?ccaionall.tr not as aood. 

(B4200-4) was reinforced with glass f ibers  and with 181 g lass  cloth and 

cu red  with dicumyl peroxide on standard pr imed aluminum s t r ips .  A 

full cu re  throughout the mater ia l  w a s  obtained by placing a cellophane 

film on the sample surface.  

However, 

Other curing ca ta lys t s  were  

The f i r s t  r e s i n  
I -- 0 r - & u  _-----__- 

The compositions a r e  shown below: 

1. Polysiloxane B4200-4 
Dicumyl peroxide 
Milled g lass  f ibers  
(G. E. XS-4004 p r imer )  

2. Polysiloxane B4200-4 
Dicumyl peroxide 
181 Glass  cloth - 2 plies 
(D. C. QA-2-1011 p r imer )  

24.0 g. 

10.8 g. 
1.2 g. 

24.0 g. 
1.2 g. 

Photographs of the specimens af ter  application of the low t emper -  

a tu re  flexibility t e s t  a r e  shown in F igu re  111-1. 

adhered to the aluminum substrate ,  but failed the tes t .  

specimen peeled f rom the substrate ,  and a l so  developed cracks .  

The f i r s t  specimen 

The second 

A specimen made f rom resin B4200-7 shrank a f t e r  curing and 

could not be tested. 

EXPERIMENTAL 

Poly( 2,2,3,3,4,4-hexafluoropentamethylene hexafluoroglutarate) 
(B4200-9) 

A mixture  of 4. 24 g. of 2 ,2 ,3 ,  3,4,4-hexafluor0-1,5-pentanediol 

and 4. 80 g. of hexafluoroglutaric acid in 50 ml. of d r y  xylene was 

refluxed for  23 hour s ,  during which t ime approximately 0. 5 ml. of 

wa te r  was collected. A. white precipitate separated.  The mixture  was 
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f i l t e red  hot with suction, and the white solid was washed with benzene 

and air-dr ied.  It was insoluble in alcohols (methanol ,  ethanol),  in 

ketones (acetone, butanone), in e s t e r s  (ethyl ace ta te ,  methylcellosolve 

ace ta te ) ,  in e the r s  (diethylene glycol diethyl e t h e r ) ,  i n  chloroform,  

N ,  N-dimethylformamide, and other solvents. The solid did not me l t ,  

but turned black when heated. 

Hexafluoroglutaryl Chloride (B4200-23) 

A mixture of 7. 2 g. of hexafluoroglutaric acid and 8. 73 ml. of 

thionyl chloride ( f resh ly  distilled) was  refluxed 93.5 hours .  

t u re  w a s  then disti l led at  about' 25 t o r r .  

s a m e  reaction was c a r r i e d  out by refluxing for  2 2  hours.  

was no product remaining af te r  the pre l iminary  vacuum distillation. 

The mix-  

The 

A.gain, there  

Everything distilled. 

Poly(pentamethy1ene adipate) (B4200-13) 

A mixture of 10. 4 g. of 1,5-pentanediol and 14. 6 g. of adipic 

acid in 50  ml. of d ry  xylene was refluxed 18 hours.  

amount of w a t e r  w a s  collected. 

thick oi l ,  which became s e m i  -solid a f te r  s eve ra l  days. 

The theoret ical  

Evaporation of the xylene left  a v e r y  

Some of this e s t e r  ( f rom 3 .  5 g. of 1 , 5  -pentanediol and 4. 9 g. of 

adipic acid)  was heated with 0. 36 g. of pyromelli t ic dianhydride in 

xylene fo r  17 hours.  

which was tougher than the uncured poly(pentamethy1ene adiphte). 

The solvent was then removed, leaving a res in  

A mixture  of 6. 6 g. of adipic acid,  0. 55 g. of pyromelli t ic 

dianhydride, and 5. 2 g. of 1,5-pentanediol was refluxed 16 hours.  

theoret ical  amount of water  was collected. 

lef t  a r e s in  s imi l a r  to that above obtained by t reat ing the polyester  with 

pyr  om el l i  tic anhydride. 

The 

Evaporation of the solvent 

A mixture of 16. 7 g. of 1,5-pentanediol and 4. 4 g. of pyro-  

mel l i t ic  dianhydride in 50 ml. of d r y  xylene was refluxed overnight. 

To the mixture  was added 25. 0 g. of 1,5-pentanediol and 52.6 g. of 

adipic acid and refluxing was continued over  the weekend. 

mixture  w a s  quite thick and somewhat gelatinous. 

removed by heating under vacuum, leaving a slightly tacky gum. 

The reaction 

The solvent w a s  
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Condensation of 2,2,3,3,4,4-Hexafluoro-1,5-pentanediol, 
Hexafluoroglutaric Acid, and Pyromelli t ic Dianhydride (B4200-16) 

A. mixture  of 4. 24 g. of 2 , 2 ,  3, 3 ,4 ,4 -hexa f luo ro - l ,  5-pentanediol, 

4. 32 g. of hexafluoroglutaric acid, and 0. 22  g. of pyromelli t ic dian- 

hydride in  50 ml. of d r y  xylene was refluxed 40 hours .  The reaction 

mixture  had two phases  a t  the start .  

of heating the second liquid phase disappeared,  a white solid separa ted ,  

and 0. 38 ml. of water  was collected ( theoret ical  = 0. 72  ml. ). 

fu r the r  water  formed af te r  this. 

and washed with xylene and benzene. 

insoluble in all the solvents. 

During the f i r s t  overnight per iod 

No  

The solid was f i l t e red  with suction, 

I t  was a white granular  substance 

Curing Experiments  with Poly(2,2,  3, 3,4,4-hexafluoropentamethylene 
hexafluoroelutaratel (B4200-22) 

In o ther  curing experiments 830 mg. of f luorinated polyester  w a s  

mixed with the following amounts of ma te r i a l  in t e s t  tubes and heated in 

19OoC fo r  69 hours.  The r e s u l t s  a r e  given af te r  each curing 

1 
5 0 mg. of N , N -dicinnamylidene - 1 , 6  -hexanediamine (Du Pont ,  

Diak #3); discolored granular  product. 

37 mg. of glycerol; slightly discolored granular  product. 

246 mg. of dicumyl peroxide; dark brown, mostly granular ,  

a few t a r r y  spots. 

2 1 1 mg. of phenyltrichlorosilane; tan-colored granular  

product which did not react  with water  a f t e r  excess  

phenylt r ichloro silane was removed. 

250 mg. of diphenylmethane -4,4 ' -di isocyanate  (Nacconate 

300); dark  granular  solid with a few t a r r y  spots.  

1 ,  3,5,7-Tetravinyl-l,3,5,7 - tetramethylcyclotetrasiloxane (B4018-54) 

A mixture of 1150 g. of redistilled vinylmethyldiethoxysilane and 

1150 ml.  of 6 N hydrochloric acid was refluxed fo r  72 hours .  The 

organic  phase was separa ted ,  washed four  t imes  with wa te r ,  d r i ed  

ove r  anhydrous potassium carbonate,  t rea ted  with 5 g. of 

- 
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p-tert-butylcatechol (as antioxidant) and disti l led under  reduced 

p r e s s u r e  through a Vigreux column. The dis t i l la te ,  again t rea ted  with 

p-tert-butylcatechol,  was redistilled through the Vigreux column. The 

f rac t ion  distilling at 90°-1180C at 2 - 1 / 2  t o r r  was  collected.  The 

c rys t a l s  of p-tert-butylcatechol in this  f ract ion were  f i l t e red  off, 

leaving Z i 0  g. (34  percent  yield) of a mixture  of var ious  vinylmethyl- 

cyclosiloxanes , probably f rom the cyclotetrasiloxane through the 

cyclohexasiloxane. 

Poly( vinylbutylmethylsiloxane) (B4200 -4) 

A. solution w a s  prepared  by mixing 5 g. (0 .  0145 mole )  of 1 ,  3 , 5 , 7 -  

tetravinyl-1 , 3 , 5 ,  7-tetramethylcyclotetrasiloxane, 20 g. (0 .  0430 mole)  

of 1 ,  3,5, 7-tetrabutyl-1,  3 ,  5,7-tetramethylcyclotetrasiloxane, and 175 g. 

(0.  590 mole)  of octamethylcyclotetrasiloxane. This mixture  contains 

1. 12 mole percent  vinyl groups,  3 .  32 mole percent  butyl groups,  and 

95. 6 mole percent  methyl  groups. The solution, in a 250 ml. E r l en -  

m e y e r  f lask,  was heated to l l O ° C  in an oi l  bath. 

ove r  the sur face  of the solution and 40 drops  of aqueous t e t r a -n -  

butylphosphonium hydroxide was added. 

tinued f o r  s eve ra l  minutes until the aqueous phase had disappeared.  

The f lask  w a s  then closed with a drying tube and heated at  110 - 120° 

fo r  two hours .  

mixed with 3 percent  pulverized dicumyl peroxide and cured  overnight 

in  an oven a t  100 C, 

air was  inhibited, but the lower unexposed portion was cured.  

ing the polymer during the heating period resul ted in a fully-cured 

e las tomer .  

Nitrogen w a s  passed  

The flow of nitrogen was con- 

A.fter cooling, some of the thickened polymer was 

0 Curing of the portion of the polymer exposed to 

Cover-  
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IV. PHYSICAL PROPERTY TESTING O F  
CANDID ATE MAT E RIALS 

To ver i fy  the acceptability of a sealant  fo r  cryogenic applications,  

t e s t s  of c r i t i ca l  physical  properties must  be made. 

contraction studies of RTV X-511 and B4200-4 Poly (rmethylbutylvinyl- 

siloxane); vibration t e s t s  of R T V  X-511, Kel-F800, and Adiprene L-100 

cured  with cas to r  oil; and shock t e s t s  ef Adiprcne L- '  I u v  nn L ~ i ~ ~  --- ---' - w i t h  

ca s to r  oil. 

This section r epor t s  

THERMAL CONTRACTION STUDIES 

The the rma l  contraction charac te r i s t ics  and volume changes of 

RTV X-5 11 and synthesized B4200-4 Poly (methylbutylvinylsiloxane), 

previously repor ted ,  were observed during cooling to 760K. The 

apparatus  used  is shown in Figure IV-1. 

tempera tures  should, ideally,  be held to a minimum; and the coefficients 

of t he rma l  contraction should match those of the me ta l  subs t ra tes  a s  

c losely a s  possible.  

Volume changes a t  t ransi t ion 

Cylindrical  specimens approximately 3 inches long and 1 / 2 inch 

in d i ame te r ,  were  placed in a quartz tube suspended in  a Dewar flask. 

A. thin quartz  rod,  res t ing on the specimens,  protruded above the tube. 

A. cathetometer  was used to measure the change in height of the rod and, 

thus,  the contraction of the specimens. A. bath of n-propanol,  cooled 

by the addition of liquid nitrogen, was used. After each addition, the 

tempera ture  of a copper -constantan thermocouple imbedded in the spec i -  

men was noted. The length measurements  were  made af te r  the specimen 

tempera ture  had stabil ized for  15 minutes. 

down to approximately 170°K. 

interrupted and liquid nitrogen w a s  substi tuted for  the bath and the final 

point was taken a t  760K. For  comparison, the contraction was measured  

in a d i r ec t  run by rapid cooling to 76'K. 

The bath was only useful  

Near this t empera tu re  the t e s t s  were  

The cu rves  plotted f o r  these two ma te r i a l s  a r e  shown in F igu res  

Both show a lack of crystal l izat ion in this tempera ture  I V - 2  and IV-3. 

range. The coefficients of thermal expansion (contract ion)  a r e  r a the r  
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high, being 186 x 10-6 in/in/OC f o r  the RTV-X511 and215x  10-6 in / id°C 
fo r  the poly (methylbutylvinylsiloxane). 

g l a s s  fabr ic  reinforced sys tems based on these ma te r i a l s ,  however,  will 

be  much l e s s ,  possibly approaching that of aluminum. 

The overa l l  coefficients for  

VIBRATION TESTING AT LIQUID NITROGEN TEMPERATURE 

In u s e ,  the sealants  w i l l  be exposed to shock and vibration loads 

of var ious  frequencies  and amplitudes. 

a procedure  was developed to determine i f  vibrations of var ious  intensi-  

t i e s ,  through a schedule of conditions specified by the cont rac tor ,  would 

cause  fai lure  in a sealed joint. It was used h e r e  a s  an evaluation 

technique on candidate sealants  found through previous screening t e s t s  

to be the bes t  available. 

A t e s t  f ixture was designed and 

An RTV-X511 specimen,  reinforced with four pl ies  of 181 style 

g l a s s  fabr ic ,  was cured  overnight and post-cured three  days a t  120OF. 

After  cur ing,  the specimen was vibration tes ted at  76OK. 

date  specimen withstood four of the five vibration loads to which i t  was 

subjected. 

during y-axis vibration tes t s  in category 1. However, the sealed joint 

was s t i l l  intact with the sho r t e r  specimen segment still attached to the 

plate. 

of the l a s t  five minute run. P r i o r  to th i s ,  the previous scanning t r a c e s  

made f r o m  the acce lerometer  input did not indicate any abnormali t ies .  

The candi- 

The horizontal  aluminum a r m  cracked a t  the bend radius  

The meta l  fatigue fai lure  must  have occurred  a t  o r  n e a r  the end 

The fixture consis ts  of a hollow aluminum block with a removable 

plate forming one wall. The specimen was bonded to this  wall with the 

sea lan t ,  and liquid nitrogen was poured into the hollow chamber  to cool 

the en t i re  fixture and specimen,  The sealant thickness of the specimen 

was a rb i t r a r i l y  kept a t  a nominal 1 /  16-inch. 

embedded in the sealant to measure the t empera tu re  and monitor the 

flow of liquid nitrogen. 

ment  of the specimen used in the t e s t s  was increased  f rom 0.032 inch 

to 0.040 inch. 

1 /8- inch  radius bend to give a free horizontal  a r m  for  loading to which 

an acce le romete r  was mechanically attached. 

A thermocouple w a s  

The thickness of the 1 x 6 inch aluminum seg -  

The combined aluminum-RTV-X511 specimen had a 

The w a l l  plate to which 
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the 

inser ted  easi ly  in the mounted fixture. 

and during testing a r e  shown in  F igu re  IV-4 and F igure  IV-5 r e spec -  

tively. 

sealant was bonded was removable to allow new specimens to be 

The f ixture  assembly  before  

The reinforced RTV-X511 sealant  was subjected to the five v ibra-  
0 tion categories,  at. 76 K,  specified by the ~ p n n ~ r ,  startinn w i t h  t h e  

ea s i e s t  category 5 and working backwards to the most  s eve re  category 1. 

The frequencies were  scanned through the range of 20-2000 cps and 

resonance frequencies were  held for ei ther  five o r  t en  minute intervals .  

The r e su l t s  of the RTV-X511 specimen vibrated on the y-axis a r e  sum-  

mar ized  i n  Table IV-I. 

a ..---- "--- 

Category Re s onanc e F r e  que nc i e s 

59 cps (10 min. ) 
202 cgs (10 min. ) 

49 cps 
194 cps 

52 cps 
196 cps 

5 min. ) 
5 min. ) 

5 min. ) 
5 min. ) 

55 cps  (5 min. ) 
195 cps (5  min. ) 

51 cps  ( 5  min. ) 
178 cps ( 5  min. ) 

Loads a t  Resonance 
Frequencies  ("G" Level)  

1.7 
5 

3 
10 

5 
15 

50 

10 
40 

Table IV-T 

The reinforced Kel-F-800 specimen was prepared  and vibration 

tes ted  in  the s a m e  manner  a s  the RTV-X511 specimen. 

specimen failed in the sealed joint during the y-axis  vibration tes t .  

The fai lure  of the specimen occurred at  the end of category 3. 

of Kel-F-800 vibration tes t  at 760K a r e  shown in Table IV-11. 

The Kel-F-800 

Results 
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Category 
Loads a t  Resonance Resonance Frequencies  Frequencies  ("G" Level)  

5 

50 cps (5  min. ) 
132 c p s  (-5 min. 
168 cps (5  min. ) 

53 cps (10 min. ) 
112 cps (10 min. ) 

1 . 4  
5 

3 
10 
10 

4 1  
Table IV-I1 

Vibration t e s t s  of Adiprene L-100 cured  with cas to r  oil and 

reinforced with 181 style glass  fabr ic  were  a l so  c a r r i e d  out. 

were  ve ry  encouraging, showing no fai lure  throughout the schedule 

se t  forth by NASA. 

Resul ts  

SHOCK TESTING O F  ADIPRENE-CASTOR ,OIL SEALANT 

Following the successful  vibration t e s t s  of Adiprene L-100, i t  

The w a s  subjected to the shock tes ts  specified by the contractor .  

f ixture developed for  vibration testing w a s  used in the shock tes t  a lso.  

A.s in the vibration t e s t s ,  the specimen was bonded to the wall with the 

sea lan t ,  and liquid nitrogen was poured into the hollow chamber  to 

cool the en t i re  fixture and specimen. 

t r a r i l y  kept at  a nominal 1 /  16 inch. 

sealant  measured  the temperature  and monitored the flow of liquid 

nitrogen. The specimens used in the t e s t s  were  0.032 x 1 x 6 inch 

aluminum s t r ip s  with a 1 / 8  inch radius  bend to give a f r e e  horizontal  

a r m  f o r  loading and to which an acce lerometer  w a s  mechanically 

attached. 

to allow new speciments to be inserted easi ly  in the mounted fixture.  

The sealant thickness w a s  a r b i -  

A thermocouple embedded in the 

The w a l l  plate to which the sealant was bonded is removable 

The fixture and specimens were  then subjected to a shock t e s t  in 

a tower that gives a t r iangular  wave mode of shock. Six t e s t s  in each  

of th ree  mutually perpendicular axes  were  performed without evidence 

of damage to the specimen, The resu l t s  a r e  given in Table IV-I11 and 

show that the A.diprene L-1 00-castor oi l  sealant reinforced with 181 

s tyle  g lass  fabr ic  r e s i s t s  severe shock, a t  760K.  

49 



Type Shock 

Triangular  wave 
( s a w  -tooth) 

Triangular  wave 
(saw-tooth) 

I T r ian gular wave 

I 
! S 2 W  -tooth) 

No. of Shocks 

6 

6 

6 

20 

35 

6 I Triangular  wave 
( saw - tooth) 

N o  damage 

N o  damage 

65 N o  damage r 
I 

100 1 N o  damage 

Table IV-111. Shock tes t  - Adiprene L-100 cured  with 
cas to r  oil and reinforced with 181 style 
glass  fabric.  

These tes t s  were  repeated for  each of the three  mutually p e r -  

pendicular axes  a s  follows: 

+A 

t c  I’i 
- A  

Order  of Per formance  

1 

2 

3 

- SA to  -A 

tB to - B  

tC to -c 
- 
- 
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V. CRYOGENIC SEALANT FOR LOX TANK CREVICE 

INTRODUCTION 

An investigation has  been c a r r i e d  out f o r  a cryogenic sealant  to 

protect  the outer junction of the cyl indrical  and dome sections of liquid 

oxygen tanks against cor ros ion  and par t ic les .  The protective sur face  

coating of the two tank sections a t  this junction is omitted fo r  welding 

purposes ,  and crev ices  a r e  created in which foreign par t ic les  may be -  

come lodged. 

sion and la rge-par t ic le  embedment occur  in the exposed crev ices  n e a r  

the weld line. The aluminum walls of the tank junction have to be p r o -  

tected and the c rev ices  f i l led by a sealant  that can adhere  down to the 

t empera tu re  of liquid oxygen while retaining sufficient flexibility o r  

toughness to withstand the loads imposed by contractive movements 

during cool down. 

liquid oxygen a t  any t ime,  although i t  would be cooled to  LOX 

tempera ture .  

P rob lems  of tank fa i lure  may be encountered when c o r r o -  

This  sealant would not be in  d i r ec t  contact with the 

In general ,  Adiprene L-100 cured  with cas to r  oil and filled with 

mil led g l a s s  f ibe r s  passed  thermal  shock and tee-peel  s t rength t e s t s  

satisfactorily.  

f ications ( s e e  Appendix) w e r e  sent to the Contractor.  

sys t em was fur ther  improved by the addition of a catalyst  which 

decreased  the c u r e  t ime a t  room tempera ture .  Foamed-in-place v e r -  

s ions of the formulation were  investigated because of the considerable 

weight saving inherent in a foamed sealant.  

sealant  and of the most  successful foamed sealant  were  a l so  sent to 

the Contractor  for  evaluation, and appropr ia te  revis ions were  made in  

the p r o c e s s  specification. Study was made  of the stability of the sealants  

a f t e r  s torage,  and a modification of the improved sealant  was fo rmu-  

la ted which pe rmi t s  reasonable s torage  in a premixed condition. 

Samples of the sealant and ma te r i a l s  and p rocess  spec i -  

The sealant  

Sample ki ts  of the improved 
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BASIC INVESTIGATION 

F o r  the basic  investigation the physical cha rac t e r i s t i c s  of 

available sealants  were  studied to se lec t  the most  suitable for  applica- 

tion to the Dome LOX Tank ( s e e  section 11), and Adiprene L-100 was 

judged most  suitable. To determine if the base  r e s in  of this sealant  

would flow into the ex t remely  small  c r ev ice  nea r  the dome tank weid, 

a tank section was fabricated to s imulate  the tank crevice.  The 

c rev ice  of the tank section was sealed ( F i g u r e  V -  1)  with s t ra ight  

Adiprene L-100 (unfilled) in a way that could be done on a r e a l  tank. 

The sur faces  were  f i r s t  degreased by flushing and draining with methyl 

ethyl ketone and pr imed with Chemlok 607 by filling and draining. 

After the p r i m e r  had a i r  d r ied ,  the sealant  was poured to a depth of 

approximately s ix  inches and cured at 80OC for  four hours .  

c u r e  can be accomplished at  a lower t empera tu re ,  supplied by heat 

l amps ,  over  a longer period of time. ) The flow w a s  found to be f a i r ly  

high, and the r e s in  did f i l l  a reas  in which the gap was est imated to be 

about 0.005 inch. 

Ai rcraf t  Company was used with a No.  3814 t ransducer  to check fo r  

void a r e a s .  

adhesion o r  trapped a i r .  

( T h i s  

A resonance bond t e s t e r  manufactured by the Fokker  

Severa l  sma l l  a r eas  were  found, indicating a r e a s  of poor 

GLA.SS -FILLED SEALANT 

Other simulated tank sections w e r e  fabricated and sealed to 

approximately five inches with a sealant  consisting of Adiprene L-100 

cured  with cas to r  oil and filled with 1/4 inch milled g l a s s  f ibers .  

me ta l  sur faces  of these sections were  a l s o  cleaned by flushing and 

draining with methyl ethyl ketone and p r imed  with Chemlok 607 by 

filling and draining. 

tank sections were  subjected to the rma l  shock by repeating immers ion  

in liquid nitrogen. 

The peel strength of the sections was then tes ted a t  room tempera ture  

and a t  76OK; resu l t s  a r e  given in Table V-I. 

The 

After being cured  fo r  four hours  a t  8OoC, the 

They passed this t e s t  without evidence of fa i lure .  

Because of the encouraging r e su l t s  of these t e s t s ,  t ee-pee l  

s t rength tes t s  a t  room temperature  and 76OK were  performed.  
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F i g u r e  V - 2 .  Peel t e s t  appara tus .  
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i 

Room tempera ture  

Room tempera ture  

76°K 

I '  

138 

166 

86 

~~ ~ ~~~ ~ 

Peel  Strength 
(pounds ) Test  Tempera ture  

I Initial 

76OK 92 

High 

130 

137 

66.5 

60.5 

Low 

103 

87 

23.5 

18.2 

Type of Fa i lu re  

Cohesive 

Cohesive 

A.pp r ox. 
90  percent  
adhe c: ive 

A.pprox. 
90  percent  
adhesive 

Table V-I.  P e e l  strength of simulated LOX tank sect ions.  

Specimens were  prepared  consisting of 0.020 x 1 x 10-inch s t r ip s  of 

7075-T6 aluminum, bonded together with sealant approximately 1/ 16 inch 

thick. 

vided a peel speed of 12 inches pe r  minute. 

shown in F igu re  V-2 .  

init ial  breaking strength to s ta r t  peeling and the high and low values 

recorded during the peeling "steady state".  

Testing was done on an Instron tens'ile testing machine that pro-  

The tes t  apparatus  i s  

The data given in TaSle V-I1 r ep resen t  the 

Tes t  Tempera ture  

Room tempera ture  

Room tempera ture  

Room tempera ture  

Room tempera ture  

Room tempera ture  

76OK 

76OK 

760K 

76OK 

760K 

Tee -Pee l  Strength 
(pounds/ inches)  

Initial 

8. 0 

7.  0 

12. 2 

24. 4 

12. 3 

5. 3 

3.7 

4. 6 
2. 5 
4. 2 

High 

8. 0 

8.  0 

of f  sca le  

25. 0 

20. 3 

12. 4 

11. 8 

11 .9  

13. 4 

11. c 

Low 

4. 0 

7.  0 

6. 2 

13. 7 

11. 0 

1. 5 

1. 6 
4. r 
2. 5 
1 7  
1. I - 

Table V-II.  Tee -Pee l  strength of candidate LOX Tank crev ice  sealant. 
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Curing P r o c e s s  Studv 

A study of cu re  t ime and temperature  w a s  made to determine the 

conditions necessa ry  for  the use  of Adiprene-glass f iber  LOX tank sea l -  

ants .  The resu l t s  indicated the need for  a heat sou rce ,  such a s  in f ra -  

red  lamps ,  to c u r e  the sealant in a reasonably f a s t  t ime. 

hatches cur izg  was acc~r,p!ished in 45 h0iii-s at i-00~11 tempera ture .  

1000F  it  took 37 hours .  Cures were  t imed a t  p rogress ive ly  

higher tempera tures  with the result  that a reasonably cured  sea l -  

ant may be obtained in approximately s ix  hours  a t  a tempera ture  

obtainable in the field wiLh auxiliary heating equipment. It w a s  recog-  

nized, however, that curing the sealant a t  ambient t empera tu res  would 

be m o r e  advantageous. 

In 20-gram 

A t  

A. mate r i a l s  specification (HMS 16-1351) and a corresponding 

p rocess  specifcation ( H P  5-14) f o r  the g lass  fiber-fi l led Adiprene L-100 

plus cas to r  oil  sys tem fo r  the LOX tank crev ice  sealant were  writ ten.  

Both specifications a r e  included in the Appendix. 

In an attempt to make possible curing of the sealant  a t  room t em-  

pe ra tu re ,  studies were  made of the effects of T-3,  a stannous octoate 

ca ta lys t ,  manufactured by the Metal and Thermi t  Corporation. F r o m  

one to five drops of catalyst  T-9 were  added to r e s in  samples  consis t -  

ing of 12. 5 g r a m s  of Adiprene L-100 and 4. 5 g r a m s  of cas to r  oil.  Each 

sample w a s  allowed to c u r e  a t  room tempera ture  fo r  s ix  hours  and 18 

hours .  

the samples  to which five drops of T-9 catalyst  had been added. 

c u r e  t ime can be compared with the 45 hours  at  room tempera ture  

required for  the c u r e  of the resin system without a catalyst .  

fo r  all the samples  a r e  summarized in Table V-111. 

A full  cu re  a t  room temperature  was obtained af te r  18 hours  with 

This 

Results 

Crevice Foamed Sealant 

Because a considerable saving in weight could be real ized from the 

use of a foamed-in-place crevice sealant ,  work w a s  begun on the develap- 

ment  of such a foam mater ia l .  

t r ied.  

foam sealants  would have comparable the rma l  contraction and peel 

Five formulations (Table  V - I V )  were  

These were  s imi l a r  to those previously developed s o  that the 
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Time of 
Added 
(d rops )  (hours  ) 

1 

2 

6 
6 

Table V-111. 

Condition 

F l o w s  

F lows  

Little Flow - -  tacky 

Very Litt le Flow - -  tacky 

No Flow - -  tacky 

Very Little Flow - -  tacky 

N o  Flow - -  tacky 

N o  Flow - -  slightly tacky 

No Flow - -  soft but considered cured  

Cured - -  no flow and not tacky 

Effect of T-9 catalyst  on r e s in  cure .  

s t rength proper t ies .  Formulation No.  ( F N )  5 gave the most  

sa t i s fac tory  foam: 

room tempera ture .  

depth of five inches and immersed  repeatedly in liquid nitrogen without 

evidence of failure in the section. 

it has a usable pot life and c u r e s  in 24 hours  at 

A simulated tank section w a s  filled to a foamed 

Tee-peel specimens were  then prepared  with the foamed formu-  

lation No. 5 Aluminum s t r ip s ,  0. 020  x 1 x 2 inches,  were  etched by 

immers ion  in a mixture  of 30 parts of H20 by weight, four  pa r t s  con- 

centrated H2SOq by weight, and one pa r t  NazC1-207 by weight. After 

being etched in this solution for  ten minutes a t  140-1600F, the s t r ip s  

were  r insed in disti l led water  and air dried.  They were  pr imed with 

Chemlok 607 and allowed to a i r  d ry  one hour.  After drying, the s t r ip s  

were  bonded together with a nominal 1 /  16-inch thickness of the foamed 

sealant  and cured for 24 hours  at room tempera ture  before testing. 

P e e l  tes t  resu l t s  a r e  given in Table V - V  and representat ive specimens 

a f te r  tes t  a r e  shown in F igure  V - 3 .  

Revision A to HP 5-14 was prepared  and sent to the Contractor 

together with preweighed sample kits of the foam sealant for  prac t ica l  

evaluation. This  revis ion i s  included in the Appendix. 
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Mater ia l  

A.diprene L- 100 

X F -  10342 
Dabco3 
vv ate r 0.2 
Milled g lass  f ibers  1 31.6 

M O C A ~  

Adiprene L- 100 
Cas to r  Oil 

T r ie thylamine 
Water  
F ibe rf r ax f iber  s 4  

X F  - 1034 

100 
36 

8 
8.4 
8.4 

40.4 

A.diprene L- 100 
Cas to r  Oil 

Triethylamine 
Water  
F i b e r f r a x  f ibers  

XF-1034 

100 
36 

2 
1.6 
1.6 

Adiprene L- 100 
C a s t e r  Oil 

B enz yldim e thylamine 
Water  
F ibe  r f  r ax f ibers  

XF-1034 

100 
24.8 

2 
0.8 
0.8 

36.4 

Adiprene L-  100 
C a s t e r  Oil 

B e 11 z y 1 d i m e thy 1 a m  in e 
Water  
F ibe r f r ax  f ibers  

XF-1034 

100 
24.8 

2 
0.4 
0.8 

42.6 

Resul ts  

Foamed to approximately 
3 t imes  or iginal  volume 

Very shor t  pot life 
Foam lacks  flexibility 

Foamed to approximately 
3 t imes  or iginal  volume 

Poor  texture  
Short  pot l ife 
Flexible 

Foamed to approximately 
3 t imes  or iginal  volume 

Po0 r texture  
30 to 45 minute pot life 
Flexible 

Foamed to approximately 
3 t imes  or iginal  volume 

P o o r  texture  
30 to 45 minute pot life 

Foamed to approximately 
3 t imes  or iginal  volume 

Good texture  
30 to 45 minute pot life 
Flexible 

':FN = formulation number 

1MOCA = 4,4'-methylene-bis -( 2-chloroaniline) (du  Pont)  

2 X F -  1034 = silicone oil surfactant  (Genera l  E lec t r i c )  

3Dabco = triethylenediamine (Houdry P r o c e s s  Corp.  ) 

4Fiber f rax  = shor t  strand r e f r ac to ry  f iber  (Carborundum Co. I 

Table V-IV.  Formulations of c rev ice  foamed sealant.  
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Specimen 
No. 

1 

2 

3 

4 

5 

6 
7 

8 

9 
10 

11 

P e e l  Strength 
(pounds/inch) 

Initial 

31.7 

24.2 

30:  3 

36.3 

40.0 

10.5 

10.8 

11.1 

3.9 
rl. -4- 

5.4 

High 

31.7 

25.7 

30.3 

36.3 

41.3 

10.5 

10.8 

11.1 

3.9 

4 .2  

5 .4  

Low 

7.0 

4 .3  

6 .5  
27.5 

29.5 
0.2 

0.7 

0.0 

0.5 

0.0 

0.6 

Fa i lu re  
(percentage)  

A.dhesive 

90 

95 

85 

20 

30 

95 

98 

99 
95 

85 

50 

J o he s i v e 

10 

5 

15 

80 

70 

5 

2 

1 

5 

15 

50 

T e s t  
Tempera-  

tur e 

Room 

Room 

Room 

Room 

Room 

76O K 

76O K 

760 K 

76O K 

76O K 

760 K 

:%Initial b reak  occur red  during adjustment of specimen in t e s t  g r ips .  

Table  V-V.  Tee -Pee l  t e s t s  of improved foamed c rev ice  sealant.  

U s e  of Catalyst  with Foamed Sealant 

Since the addition of catalyst T-9 to the or iginal  formulation had 

mater ia l ly  shortened the c u r e  time, s tudies  w e r e  made to a sce r t a in  i f  

a s i m i l a r  effect could be obtained by the addition of a catalyst  to the 

foamed re s in  system. 

of a lower density foam and on bet ter  foam ce l l  s t ruc tu re ,  in addition 

to the des i r ed  s h o r t e r  curing time. 

foam sealant ,  HP  5-14 Revision A ,  was used as the control;  var ia t ions 

f rom the control  formulation and  process ing  included reduced ra t ios  of 

T-9 catalyst ,  increased  ra t ios  of T-9 catalyst ,  reduced water ,  increased  

wa te r ,  and omitted water  (due to a sma l l  amount of water  in the c a s t o r  

oil) .  Since the des i r ed  improvements in the foamed sealant could con-  

ceivably be accomplished by  the use of new ma te r i a l s  and techniques,  

s e v e r a l  new ma te r i a l s  were  included in the evaluations: ( 1 )  Genera l  

E l e c t r i c ' s  SF-1066 surfactant ,  an improved and m o r e  hydrolytically 

A.ttention was  focused especial ly  on the production 

In the improvement  studies of the 
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stable vers ion of S F  1034; ( 2 )  Witco's F o m r e z  C - 2 ,  a stannous catalyst  

that has  been used successfully in many "one shot" polyether foam 

formulations:  and ( 3 )  benzyldimethylamine catalyst .  

formulations a r e  l is ted in Table V-VI.  

were  tested for  foam charac te r i s t ics  a t  ambient,  l ooo  F, 1 l o o  F,  and 

1LO" &' t empera tures  for  a period or' approximaleiy 8 iioui=s. 

The experimental  

These var ious formulations 

Adjustment of the variables indicated that a significant difference 

in foam quality resulted f rom an inc rease  in the amount of T-9 catalyst .  

The foam w a s  definitelyinferior to the control because of the m o r e  

rapid res in  polymerization that l imited the foaming action. 

were  then made by variations in the combinations of these var iables .  

It was found in Formulation No. ( F N )  7 that, when both the T-9 catalyst  

and water  were  increased ,  a faster  cu re  resulted; the water  provided 

a C 0 2  formation of sufficient quality and rapidity to give a good foam.  

At ambient,  l lO°F ,  and 120°F c u r e  t empera tu res ,  foams of t h ree  

t imes  the original volume resulted with good ce l l  s t ruc tu re  and elast ic  

recovery.  However, with the exception of F N ' s  7 ,  8 ,  13, and 14, none 

of the experimental  formulations produced foam cha rac t e r i s t i c s  that 

were  desirable  for  c rev ice  sealing applications. 

formulations were  progressively be t t e r ,  producing sat isfactory charac  - 
t e r i s t i c s  a t  all four curing temperatures .  F N ' s  1 ,  10 ,  7 ,  and 8 a r e  

s i m i l a r  to each other  with the exception of the substituted SF 1066 s u r -  

fact  ant. 

Adjustments 

The four excepted 

The General  Elec t r ic  SF 1066 surfactant  was substituted in  

identical  ra t ios  into the control formulation to de te rmine  the effect of 

the new surfactant.  Observations and resu l t s  indicated no adverse  

effect nor  any improvement of the control formula when mixed a s  

descr ibed in HP5-14 ,  Revision A. 

Effect of Storage on Sealant Components 

Communication from the contractor  stated that the original foam 

sealant  submitted for evaluation had failed to foam adequately when it 

was mixed according to H P 5 - 1 4 ,  Revision A. A.n investigation w a s  

made  to determine the cause  of this fa i lure .  Results indicated that the 
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Mate r i a l  Amount FN* 

8 

9 

10 

Mate r i a l  

Adiprene L-100 Res in  

F i b e r f r a x  (washed)  F i b e r s  

Cas to r  Oil ,  U S P  

SF 1034 

T-9 Cata lys t  

Water  (d is t i l l ed)  

Amount 

50 .0  g rams  

21. 3 g rams  

12.4 g rams  

1. 0 g r a m  

20 d rops  

4 d rops  

Adiprene L-100 Res in  

F ibe r f r ax  (washed)  Fibers 

Cas to r  Oil ,  USP 

S F  1066 

T-9 Cata lys t  

Water  (d is t i l l ed)  

50. 0 g r a m s  

21. 3 g r a m s  

12. 4 g r a m s  

1. 0 g r a m  

25 d rops  

8 d rops  

Adiprene L-100 Res in  

F iber f rdxjwdsi icd)  F i L e l s  

Cas to r  Oil ,  USP 

SF 1034 

T-9 Cata lys t  

Water  (d is t i l l ed)  

50. 0 g rams  

L.1. J &:Id_LI,J 

12.  4 g rams  

1. 0 g r a m  

7 1  7 

15 drops  

4 d rops  

Adiprene L-100 Res in  

F iber f r -x  (%::.-shed) F i b e r s  

Cas to r  Oil ,  USP 

S F  1066 

T-9 Cata lys t  

Water  (d is t i l l ed)  

50. 0 g r a m s  
7 1  3 cc2-9 

12. 4 g r a m s  

1. 0 g r a m  

--. 

25 d rops  

1 d rop  

Adiprene L-100 Res in  

F ibe r f r ax  (washed)  F i b e r s  

Cas to r  Oil ,  USP 

S F  1034 

T-9 Cata1)st  

Water  (d is t i l l ed)  

~~ 

50. 0 g rams  

21. 3 g rams  

12. 4 g rams  

I .  0 g ram 

25 drops  

4 drops  

Adiprene L-100 Resin 

F ibe r f r ax  (washed)  F i b e r s  

Cas to r  Oil ,  USP 

SF 1066 

T-9 Cata lys t  

Water  (d is t i l l ed)  

50. 0 g r a m s  

21. 3 g r a m s  

12. 4 g r a m s  

1. 0 g r a m  

20 d rops  

4 d rops  

Adiprene L-100 Res in  

F iber f  r a x  (washed)  F i b e r s  

Cas to r  Oil, USP 

S F  1034 

T-9 Cata lys t  

Water  (d is t i l l ed)  

50. 0 g rams  

21. 3 g rams  

12.4 g rams  

1. 0 g r a m  

20 drops  

2 d rops  

11 Adiprene L-100 Res in  

F i b e r f r a x  (washed)  F i b e r s  

Cas to r  Oil ,  USP 

SF 1066 

T-9 Cata lys t  

Water  (d is t i l l ed)  

50.0 g r a m s  

21. 3 g r a m s  

12. 4 g r a m s  

1. 0 g r a m  

25 d rops  

3 d rops  

Adiprene L-100 Res in  

F iber f  r a x  (washed)  F i b e r s  

Cas to r  Oil ,  U S P  

S F  1034 

T-9 Cata lys t  

Water  (d is t i l l ed)  

50. 0 g rams 

21. 3 grams 

12.4 g rams  

1. 0 g ram 

20 drops  

Omitted 

1 2  Adiprene L-100 Res in  

F ibe r f r ax  (washed)  F i b e r s  

Cas to r  Oil ,  USP 

3F 1066 

T-9 Cata lys t  

W a t e r  (d i s t i l l ed)  

50. 0 g r a m s  

21. 3 g r a m s  

12. 4 g r a m s  

1. 0 g r a m  

32 d rops  

4 d rops  

50. 0 g r a m s  

21. 3 g r a m s  

12. 4 g r a m s  

1. 0 g r a m  

20 d rops  

4 d rops  

Adiprene L-100 Res in  

F ibe r f r ax (washed)  F i b e r s  

Cas to r  Oil ,  U S P  
SF 1066 

Benzyldimethylamine 
Cata lys t  
Water  (d is t i l l ed)  

50. 0 grams 
21. 3 grams 

12.4 grams 

1. 0 gram 

20 drops  

8 drops  

50. 0 g rams 

21. 3 grams 

12.4 grams 

1. 0 gram 

25 drops  

8 d rops  

Adiprene L-100 Res in  

F ibe r f r ax (washed)  F i b e r s  

Cas to r  Oil ,  USP 

S F  1034 

T-9 Cata lys t  

Water (d is t i l l ed)  

Adiprene L-100 Res in  

F ibe  rf r a x  (washed)  F i b e r s  

Cas to r  Oil ,  USP 

S F  1034 

T-9 Cata lys t  

Water  (d is t i l l ed)  

13  

-- 
14 Adiprene L-100 Res in  

F ibe r f  r a x  (washed)  Fibers 

Cas to r  Oil ,  USP 

SF 1066 Surfactant 

F o r m e e  C-2  Cata lys t  

Water  (d is t i l l ed)  

50. 0 g r a m s  

21. 3 g r a m s  

12. 4 g r a m s  

1. 0 g r a m  

32 d rops  

4 d rops  

*FN = Formula t ion  Number  

Table V-VI. Experimental  formulat ions using 
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pre-mixed component B ,  l isted in H P  5-14, Revision A, had become 

unstable a f te r  prolonged storage and that the SF 1034 surfactant had 

hydrolyzed in the container. 

siloxane and a polyoxyalkylene fluid and i s  susceptible to hydrolysis 

a c r o s s  the Si-0- '3 bond. In the presence of moi s tu re ,  hydrolysis i s  

catalyzed by an acid. The ether  linkages in the polyoxalkylene fluid 

will form peroxides by reaction with dissolved oxygen o r  with oxygen 

f rom the air. 

OH groups present  in the polyoxyalkylene fluid and also with mois ture  

to fo rm a weak acid o r  aldehyde. In addition, the possibil i ty existed 

that the T-9 catalyst  in the original foam sealant  formulation reacted 

with the si l icone-based surfactant (SF 1034). 

make  i t  necessa ry  to supply the final formulation in th ree  separa te  

components. 

SF 1034 is a copolymer of a polydimethyl- 

These unstable peroxides then readily reac t  with the 

This reaction might 

Samples  of surfactants were evaluated to determine the hydrolytic 

stabil i ty 

Genera l  Elec t r ic  SF 1066 surfactant will satisfy the stabil i ty r equ i r e -  

ment.  

component B; with both the SF 1034 and S F  1066 surfactants ;  and with 

Foi-nrez C - 2 ,  T-9 ,  and benzyldimethylamine catalysts .  Formulat ions 

utilizing these components in different combinations were  studied a f te r  

2 , 1 0 , 2 0 ,  and 30 days. 

taining the T-9 catalyst  resulted in a n  infer ior  foam with decreased  

volume. It was found, however,  that  i f  the T-3  were  added to com-  

ponent B (which had been s tored for  10 days)  immediately before  the 

mixing of components A and B ,  a sat isfactory foam resulted.  

of a complete,  p r e  -mixed, two-component sys tem i s  not recommended. 

The sealant should e i ther  be mixed according to H P  5-14, Revision A ,  

immediately before  the LOX tank crev ices  a r e  sealed o r  supplied a s  a 

three-component system. When s torage of complete p r e  -mixed com - 
ponents i s  mandatory,  studies show that the benzyldimethylamine 

catalyst  can be substituted f o r  T-9 catalyst .  

s tudies ,  it is conditionally possible to supply two-component sys t ems  

with benzyldimethylamine a s  a catalyst and S F  1066 a s  a surfactant.  

in foamed sealant formulations, and it was found that the 

Storage stability evaluations were  then made with the pre-mixed 

Storage for only two days of component B con- 

Storage 

A s  a resul t  of the s torage 
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. 
The studies indicated that these ma te r i a l s  apparently do not interact  

f o r  32 days at  room temperature.  

weighed and pre-packaged would requi re  separa te  and individual con- 

ta iners .  

using S F  1034, S F  1066,  Fornrez C-2,  and T-9  were  probably due to 

F o r  longer s torage ,  ma te r i a l s  p r e -  

The foam fai lures  a f te r  s torage of pre-mixed component B 

the : - , - , , - n - t 4 1 - . < 1 4 t . 7  ,C t l . - - -  - - - b - - : - l -  :-- L X -  _-.i- 
I I I L V l l l y U L . L V I I I L Y  ~ ~ ~ G ~ c  l l l d L t 3 I  idla 111 L I ~ C  pieseiice of w-ater and 

with subsequent decreased  catalytic activity of component B. 

stabil i ty samples  and resu l t s  a r e  shown in Table V-VII.  

Storage 

At the request  of the contractor ,  new LOX tank crev ice  sealant 

formulat ions,  packaged individually, were  submitted for  r e  -evaluation 

(Table  V-VIII). Kit A represents  the original formulation descr ibed  in 

HP  5-14 and Kit B ,  the newer foam formulation of HP 5-14, RevisionA. 

It i s  concluded f rom these studies that ,  when benzyldimethylamine 

a n d S F  1066 a r e  substituted as the catalyst  and surfactant ,  respect ively,  in 

component B of the sealant system, they produce a foam that i s  signi-  

ficantly be t te r  than the foams made with the T-9 o r  Foinrez  C-2ca ta lys t s  

and S F  1034 surfactant.  

S F  1066, did produce foams that were  sat isfactory when mixed 

immediately with component A. However, these ca ta lys t s ,  a f te r  s t o r -  

a g e ,  become instable in component B because of the presence  of the 

disti l led water  in this component. 

activity of the foam af te r  storage. 

Both T-9 and Foi-nrez C-2,  combined with 

Water dec reases  the catalytic 

Studies a lso showed that the benzyldimethylamine catalyst  and 

the SF 1066 surfactant in component B may be sat isfactory fo r  s torage .  

Apparently these ma te r i a l s  do not interact  for  per iods up to 32 days.  

It was concluded that benzyldimethylamine and S F  1066 should be sub- 

st i tuted fo r  T-9  and SF 1034. These substitutions a r e  reflected in 

specification H P  5-14, Revision B which is included in  the Appendix, 

Revision B ,  H P  5-14, also c o r r e c t s  a mixing e r r o r  that appears  

in Revision A. Specification HP 5-14, Revision A, s ta tes  in p a r a -  

graph 3.3.2.3 "that each component may be heated to 1 50° F individually 

to facil i tate mixing". 

f o r  e i ther  Revision A o r  B. 

This statement i s  valid only for  H P  5-14, not 
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I 

I1.3 grams 

2.4 g r a m s  

Mater ia l  

IO 

L O  

Adiprene L-100 

F tbe r f r ax  (washed) f ibers  
Castor  Oil ,  USP 
SF 1034 

T-9 Catalyst 

Water (dis t i l led)  

Adiprene L-100 

F ihe r f r ax  (washed) f ibers  

Castor  Oil, U S P  

S F  I066 

T-9 Catalyst 

Water (distilled) 

Adiprene L-100 

F ihe r f r ax  (washed) f ibers  

Castor  Oil, USP 

S F  I066 

Water distilled 

T-9 Catalyst added the 
day of mixing with 
Como. "A" 

50.0 g r a m s  

? I .  3 g r a m s  
Adlprene L-100 

F ibe r f r ax  (washed)  f ibers  

C35tor 011, USP 

S F  1034 

Water (distilled) 

T-9Catalyst  added the 
day of mixing with 
Comp. "A" 

L 

10 

Adiprene L-100 

F ibe r f r ax  (washed) f ibers  

Castor  Oil, USP 

S F  1066 

Benzyldimethylamine 
Catalyst 

Water (dis t i l led)  

50.0 g rams  

21.3 g rams  

1 2 . 4  g rams  

1. 0 g ram 

20 drops 

Adiprene L-100 

F ihe r f r ax  (washed) f ibe r s  

Cas to r  Oil. USP 
SF 1066 

Fomrez C-2 Catalyst 

Water (distilled) 

Adiprene L-100 

F ibe r f r ax  (washed) f ibe r s  

Castor  Oil, U S P  

S F  1066 

Fomrez  C-L Catalyst 

Water (distilled) 

2 

8 

16 

32 

12. 4 g r a m s  

1. 0 gram 

4 drops 

!O drops 

20 
34 

Ibservation of Component B 
During Storage 

:lea= a f t e r  mixtng 

> a r t i d l y  cloudy af ter  2 days 
I f  stgr+ge. Semi-gelled. 
itorage discontinued 

:lear af ter  mixing 

:ompletely cloudy a f t e r  
< days 

;em,-gelled 

Storage discontinued 

Zloudy af ter  mixing 

:leared up and remained 
:lear during the ent i re  
storage 

Turned hazy a f t e r  mixing 

Completely cloudy the third 
day 

Slightly hazy af ter  mixing 

Cloudy af ter  2 days 

Remained cloudy during the 
ent i re  s torage 

Clear  to hazy 

Clear  to hazy 

Storage Remarks  

See below** 

See below** 

See below** 

Two days - Increased 3 t imes in volume 
during the f i r s t  5 hours at room 
temperature .  Cured overnight. 
Cured sample increased to 3-1/2 
t imes in volume. Good elast ic  
recovery. 

Ten days - Inc reased  3 t imes in volume at 
room temperature .  Cured over- 
night. Good elast ic  recovery. 

Two days -Cured  overnight a t  room temper-  
a tu re ,  increased 3-112 t imes 
or iginal  volume. Good elaetic 
recovery.  

Eight days-Increased 3-112 t imes in volume, 
room temperature .  Cured over- 
night. Good elast ic  recovery. 

Sixteen days - Increased 3 t imes in volume 
within f i r s t  7 hours. Cured 
overnight at room t emper -  
a ture .  Good elast ic  recovery. 

increased 3 t imes in volume. 
Good elast ic  recovery. 

Thirty-two - Cured overnight. Sample 
days 

Two days -Sample increased 4 t imes in 
volume during the f i r s t  1-112 
hours. Cured overnight at room 
temperature .  Tack f r ee  af ter  
6 hours. Good elast ic  recovery. 

Two days -Sample increased once in volume. 
Cured overnight a t  room temper-  
a ture .  Poor elast ic  recovery. 

*FN = Formulation Number 

**Starage Remarks 

Two days 

Ten days - Increased 3 t imes in volume. Cured overnight a t  room temperature .  Good elast ic  recovery. 

Twenty days - 
Thir ty-four  days - 

- Foam increased 2-1/2 t imes original volume during the f i r s t  5 hours  a t  room temperature .  
Cured overnight. Sample increased to 3 t imes or iginal  volume. Good elast ic  recovery. 

Cured overnight a t  room temperature. 

Cured overnight a t  room temperature. 
T e C O V e * y .  

Sample increased 3 t imes  In volume af ter  7 hours  

Sample increased 3 t imes  in volume. F a i r  e las t ic  

Table V- VII. Storage evaluation of p r e  -mixed Coinponent B 



Function 
Quantity 

Code Amount Mate rial Submitted 
( gram s 1 No. ( g r a m s )  

I 100.0 
50.0 I 36.0 
- -  

Curing Agent 

I I I I KIT B (new foam formulation HP 5-14, Revision A.) 

Resin 
F i l l e r  

Curing Agent 
Surf ac t  ant 
Catalyst  
Blowing Agent 

(Not 
submitted) 

P r i m e r  

B-1 
B -2 

B-3 
B -4 
B -5 
B -6 

B -7 

A.diprene L- 100 
Fibe rfrax 

Cas tor  Oil 
S F  1034 
Stannous Octonoate ( T  
Distilled Water 

(Refractory F i b e r s )  

Chemlok 607 

9 )  

100.0 
42.6 

24.8 
2.0 
1.0 
0.4 

- -  

454.0 I 
2 2 8 . 0  
163.0 

I 
454.0 
194.0 

112.0 
9.0 
4.5 
1.8 

- -  

Table V -VIII. Formulations resubmitted to contractor .  
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. 
VI. CONCLUSIONS AND FUTURE WORK 

Of the available LOX compatible polymers  f o r  sealant  b a s e s ,  

only Kel -F  800 was found to have promise .  When suitably pr imed and 

reinforced,  i t s  adhesion and flexibility at 76OK made  it the bes t  candi- 

date for  use in contact with LOX. Difficulty in  the r e m o v a l  of solvents 

necessa ry  fo r  i t s  processing,  however, r e su l t s  in a LOX impact r e s i s t -  

ance level  too low fo r  acceptance by the Contracting Agency. 

The g l a s s  fabr ic  reinforced Adiprene L-100 polyurethane p r e -  

polymer cured with cas tor  o i l  and the reinforced RTV-X511 rema in  a s  

the bes t  cryogenic sealants  for  use in non-LOX applications. 

Some success  has  been accomplished in the synthesis of new 

modified sil icone polymers ,  

the continuation of the synthesis p r o g r a m  involving not only si l icone 

polymers  but new polyurethane mater ia l s  and o the r s  agreed  upon by the 

cont rac tor ' s  technical representative.  

and evaluation at 20 K. I t  will be a bas ic  study with complete polymer 

character izat ion.  F r o m  this work, the mos t  promising candidates will 

be used fo r  the compounding of sealants.  

Further  work will be devoted mainly to 

The work will  include testing 
0 

A s e r i e s  of compounding studies and evaluations have resu l ted  in 

a LOX tank dome sealant  evolved f r o m  the bas ic  Adiprene L-100, 

ca s to r  oil sys tem,  and this sealant i s  descr ibed in  H P  5-14,  Revision B, 

which is included in  the Appendix. 
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A P P E N D I C E S  

HUGHES PROCESS AND MATERIAL SPECIFICATIONS 



IIA!! 

H P  5-14 

L 

SEALING, GLASS FIBER FILLED POLYURETHANE 

COMPOUND, FOR LOX TANK APPLICATION 

c 



CODE INDENT. NO. 02577 

ELECTRONIC MFG. DIV. H U G H E S  A I R C R A F T  C O M P A N Y  REV.  L T R  

C U L V E R  C I T Y ,  C A L I F O R N I A  

MISSILE MFG. DIV. 

I 

SULING, GLASS FIi3ER FILL62 
F'OLYURETiIAhE CO 'POU:iD, FOR 

LOX TALK .4PPLICATIOM 

FOR ENGlXEERING USE ONLY V 
1. SCOPE 

1.1 Scope.- T h i s  specification covers t?io scaling and f i l l i n g  of areas 
betwccn l iqu id  oxygen tanlc domes and outer walls of launch vehicles. 
Sealine material used i s a g2.ass f i  her f i l l e d  polyurethana, 

NOTE: THIS MATERIAL SI4ZL MOT BE USED l'ffTf31iE I T  \'/ILL BE DIIECTLY 
EXPOSED TO LIQIJID OXYGEN (SEE 5.2). 

2, APPLICABLE DOCU.iZ?TS 

2.1 Tho fol loming document forms a p a r t  of t h i 3  specif icat ion t o  t h e  
oxLent specified herein: 

SPECIFICATIONS 

Hurrhes Aircraf t  Cornmnv 

M/IS 16-1351 Plas t ic  Resin, Polyurethane Elastomer, For 
Cold Temperature Sealant 

3 0 REQUIREHENTS 

3.1 Finished Product.- 

3.1.1 

3.1.2 

3.1.3 

Workmanship,- 
l i g h t  grey i n  color, havinl: no arcas of sof tness  as evidence of 
improper or  incomplete mking. 
engineering drawing, crevices s h a l l  bo uniformily f i l l e d  t o  a 
depth of approximately 4 inches. 
i n  U. 

The sealant s h a l l  bc a fully cured elastomer, 

Unless otherwise specified by the 

Inspection s h a l l  be as specif ied 

Peel Strength.- 
strength when tes ted  as specified i n  4.2.28 

Curcd sealant s h a l l  have the following peel  

Temperature Peel strength, pounds 
per inch 

Room 4.0 

- 3 2 0 0 ~  1.5 

Themi31 Shock.- 
delamination whcn subjcctcd t o  the thermal shock t c s t  
specif icd i n  L.2.3. 

Cured sealant s h a l l  show no v i s i b l e  signs of 



. 

, . .  
REV. L r R .  

mmES ~ ~ E s S  HuaHsm AIRCM- Co. 
CULVER CITY. CALIFORNIA 

3.2 Materials.- The sealant,  curing ay[ent, and 
by t h i s  process shall be i n  accordance with 

Material 7 
I 

Resin 

I F i i i o r  

1 -Primer 

TABLE I -- P'TATSIRIIZIS 

Desienat,ion 

Adeprcne L-lo0 

Castor O i l ,  USP 

Chemlok 6072 
- -- . 

pr incr  reqii ir od 
Table I. 

---_-- 
Appliczblc 
Spacification - 
INS 16-1351 

- 

I/ Milled glass f i b e r s  sha l l  be 1/32 t o  1/L inch long and 
may be obtained from Oilens Corning Fiberglas, 
5933 Telegraph Road, IDS Angcles 22, California. 

2/ May be obtained from the Hugheson Chemical Co., 
Erie, Pennsylvania. 

3.3 PTocodure.- 

3.3.1 Surface Treatments.. 

3.3.1.1 Cleaning.- Aluminum tank walls s h a l l  be thoroughly cleaned 
with acetone o r  methyl e thyl  ketone. 
accorriplished by wiping the aluminum with clcan cloths  
saturated v i th  the  solvent o r  by repeated f i l l  and drain 
techniques. 

Clcaning s h a l l  be 

3.3.1.2 Priming.- One brush coat of Chemlok 607 primcr s h a l l  bo 
applied t o  a l l  cleaned aluminum surfaces t h a t  w i l l  be i n  
contact with the sealing conpound. 
dried f o r  not. l e s s  them one half  hour a t  70-90"F. 

The prir:er s h a l l  be a i r  

3.3.2.1 Fi l led  Polymer.- Using a Hobart mixer o r  equi-{dent, glass 
f ibo r  f i l l e r  s h a l l  bo mixed in to  thc  base polymer u n t i l  
a uniform blend i s  obtaincd. The f i l l e r  s h a l l  consist  of 
25 - 30% by weight of tho mjxture. 

NOTE: Pr ior  t o  mixing, the Elass f i b e r s  s h a l l  be cr ied 
f o r  no t  l c s s  than 1 hour a t  210-225°F. 
addition, a l l  containcrs and mixing equipment 
shall- be thoroughly dry a t  the time of nixing. 

I n  

3.3.2.2 Finished Sealant.- 
t o  each 100 par t s  by weight of thc f i l l e d  polymor s h a l l  
b3 miued. 

24 par t s  by m i g h t  of the curing q o n t  

14ixing s h a l l  be done a t  room temperature. 

NOTE:: Each component mzy be hcated up t o  150°F t o  ~-educc 
t h o i r  v iscosi t ics  t o  f a c i l i t a t e  nixing. 
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WmES r n o c E S S  rAODL or ), HUOHX~ AIRCRAFT Co. 
cuLvcn CITY. CALIFORNIA 

11.1 Test Specimens.- Test spncinlcns s h a l l  be i n  accordancc tritli  the 
ASTH D1876 and the follot.ri.ng: 

(a) Material s1)all~ bc .020 -i.nch thick 7075-T6 aluminm 
alloy 

(b) Prior  t o  the appl-icati.on of t h o  sonlant; (adhcniva), 
the  aclhoronds s h a l l  bo -- 

1. Vapor rlcmnncod 

2. Etchod f o r  apiroximatcJ.y 10 minutes i n  tho 
following so 111 ti on : 

lda t a r  . - - 30 par t s  by woight 
Conc II2S01, = 10 ?ar ts  by m i g h t  
Na2Cr207 - 1 Par t  by m i e h t  

Tcmpera Lure of the solut ion during the 
etching s h a l l  be lSO-.? 10°F 

3. Rinscd i n  d i s t i l l c d  water and a i r  dr ied 

4. Prirlicd x5th one coat of  Chamlok 607 primer 
(See Table I) 

( c )  Suf Ycicnt  s e a l a n t  s h a l l  bo applied t o  the adherends 
t o  providc a bondl.j.no thiclmcss of  approximatcly 
1/16 inch 

L.2 Test, 1Icthods.- 
l i s tccl  hcrcin, cxccpt i~or).m:uisli.i p, s h a l l  bc established by thc  
cocnS.7.~nt, niin I.ity con tml  act,: dt,y.  

Sampling aid €roqucncy of  t c s  Ling f o r  a l l  requi remnts  

11.2.1 Rxarnfnakion of  Product.- Tho cntirc: f i l l e d  araa of all assembliss 
s h a l l .  be visua1l.y cxmined ror  cor;~pli~?iicc with appenrancc! and 
dimcns lonnl  r equ ircmcnt:; . 



, 

h.2.2 Pcel Strength,- Spccimens dcscribcd i n  L.l slinl.1 be tes tcd 
a t  room tcmpnrature and a t  l iqu id  nilzogcn temperature i n  
accordance w i t h  t ho  rnothod spccif i o d  i n  ASTI4 D1876. 

14.2.3 Thermal Shock.- 
thermal shock tes t  consisting of  5 cyclos of the following 
steps : 

Spccimns described i n  4.1 sha l l  be given a 

(a) Rapid immersion of  the specimon i n  Uquid nitrogen 

5. NOTES 

5.1 This material i s  scnsitivo t o  rrtoistirre before it i s  cured. 
Therefore, care miist bo takcn t o  keep all containcrs and 
mixing equipment clean and dry, Containers should bo kept  
t i gh t ly  closed uhen not i n  use t o  prevent de,gradation from 
atmsphcric  mois t w o  . 

5.2 The material  usod heroin is sensi t ive t o  l iqu id  o,vgen. Undcr 
ce r t a in  conditions, contact with l iqu id  oxygen could r e s u l t  i n  
an explosion. 
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Y L S . T E C H  OLOG DEPT. b'?' L* SEALING, GLASS FIBER FILZ;ED 
POL- COMPOUND, FOR LOX 

TANK APPLICATION 

'4 
1. SCOPE 

@ 1.1 Scope.- This specif icat ion covers t he  sealing and f i l l i n g  of areas 
between l iqu id  owgen tank domes and outer walls of launch vehicles. 
Sealing material used i s  a refractory f ibe r  f i l l e d  polyurethane 
foam sealant.  

NOTE: THIS MATERIAL SHALL NOT BE USED WHERE I T  W I L L  BE DIRECTLY 
EXPOSED TO LIQUID OXYGEN (SEE 5.2). 

2. APPLICABLE DOCUMENTS 

2.1 The following document forms a pa r t  of t h i s  specif icat ion t o  the 
extent specif ied herein: 

SPECIFICATIONS 

Hughes Aircraf t  Companx 

HMS 16-1351 Plast ic  Resin, Polyurethane Elastomer, 
For Cold Temperature Sealant 

3. m u m s  
3.1 Finished Product.- 

@ 3.1.1 

@ 3.1.2 

Workmanship.- 
elastomeric foam sealant.  Unless otherwise specified by the 
engineering drawing, crevices shall be uniformly f i l l e d  t o  a 
depth of approximately 4 inches. 
specified i n  4.2.1. 

Density.- 
ft. 

The sealant sha l l  be a f u l l y  cured cream colored 

Inspection shall be as 

The f u l l y  cured sealant,  s h a l l  have a density of 20 t 2 lbs/cu 
Testing s h a l l  be as specified i n  4.2.2. 

Peel Strength.- Cured sealant shall have the  following pee l  s t rength 
when t e s t ed  as specified i n  4.2.3: 

Temperature Peel strength, pounds 
per inch, min 

Room 5.0 
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--?Description Camp one nt 

l____ls______.. 
A I ! Adiprene L-100 (Resin) 

@ 3.1.4 Thermal Shock.- Cured sealant s h a l l  show no visible signs or’ 
delamination when subjected t o  the thermal shock t e s t  specif ied 
i n  4.2.4. 

--.---- _.-_- -- 

I Applicable 
S n a m - l  f i  n a + i  nn 

I [ -p””** L C U Y I Y . .  

Mixture F a t s  by 
Weigh*, ps. 

100.0 I HMS 16-1351 1 

@ 3.2 Materials.- The materials required by t h i s  p o c c s s  shall k c  i n  
accordance with Table I; 

I 
I 

B ! Castor o i l ,  USP 24.8 
2.0 
1.1 I 

I XF 1034 Surfactant2 
4 Stannous Octoate (T-9)3 

i 

1 Water (d i s t iYed)  0.4 

1 Chedok 607 

t 
I 
I Primer 

1/ Carborundum Co., Niagara Falls, N. Y. 
2/ General Electr ic  Silicones, Corp., Waterford, N. Y. 
3/ Metal & Thermit Corp., Rahway, N. J. 
4/ Hugheson Chemical Co., Dist. R. D. Abbott Co., Los Angeles 32, Calif. 

3.3 Procedure . - 
3.3.1 Surface Treatments.- 

3.3.1.1 Cleaning.- Aluminum tank w a l l s  shall be thoroughly cleaned 
with acetone or methyl ethyl ketone. 
accomplished by wiping the aluminum w i t h  clean cloths 
saturated with the  solvent or by repeated f i l l  and drain techniques. 

Cleaning s h a l l  be 

3.3.1.2 Priming.- One brush coat of Chemlok 607 primer s h a l l  be applied 
t o  all cleaned aluminum surfaces t h a t  Will be i n  contact with 
the sealing compound. 
l e s s  than one half hour at  70 - 90°F. The primer s h a l l  be air  dr ied f o r  not 

@ 3.3.2 Mixing.- 

3.3.2.1 Component A.- Using a Hobart mixer or equivalent, Fiberf’rax 
f ibers  s h a l l  be mixed into the  base polymer until a uniform blend 
i s  obtained. Containers shall be glass or metal (See 5.1).  

NOTE: Prior t o  mixing, t he  Fiberf’rax f iber  s h a l l  be dr ied f o r  
not less than 1 hour at  210 - 225°F. I n  addition, a l l  
containers and mixing equipment s h a l l  be clean and dry 
a t  t he  time of mixing. 



. 

3.3.2.2 Component B.- Sha l l  be mixed b, w r j : i i t  i r i  orccr .Lis.tcyl i n  
Table I. 

3.3.2.3 Finished Sealant.- Conponent A shall he added t o  Component a. 
Each component may MixinL s'uiall be done at room temperatun.  

be heated t o  150°F individually t o  f a c i l i t a t e  mixing; however, 
heated mixed components pot l i f ' e  w i l l  Ire shorten appreciably 
(See 5.3) .  

@ 3.3.3 Application of Mixed Sealant. - 
a --.,'owp! 1- 

The sealant  shall be applied w-i t h  
,1.. a cal;.l.kii;;.' ; :; ~.prc.:crrcti I \ j ?  c):. ot'ncr sLmi iar dcvicc. 

&I 3.3.4 Cure.- Curing s h a l l  be as shown i i i  i a X c  11. 

4. QUALiTY ASSLWCE PROVISIONS 

4.1 Test Specimecs.- T e s t  specimens s h a l l  be i n  accordance with the  
ASTM D i876 and the  following: 

(a)  Material shall he ,020 inch thick 7075-T6 aluminum a l loy  

( b )  Pr ior  t o  %he application o f  the  sealant  Compomd, t h e  
adherends shal l .  IJ? --  

1. Vapor dcgreased 

2, Etched for approximately 10 rniriutcs ii: t he  
following solut ion:  

Water -- 30 parts by weight 
Conc tr2SO4 -- 10 par t s  by weight 
Na2Cr20.l -- 1 par t  by weight 

Temperature of the  solution d-fling the etching 
shal l  be 150 t 10°F. 

3. Rinsed i n  d i s t i l l e d  water and a i r  (dr ied  

4. Primed with one coat of Chemlok 607 primer 
(See Table I) 

(c )  Suff ic ient  sealant s h a l l  be applied t o  the  adherends t o  
provide a bondline thickness of  approximately 1/16 inch. 
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4.2 Test Methods.- Sampling and frequency of t e s t i n g  f o r  a11 
requirements l i s t e d  herein, except workmanship, s h a l l  be established 
by the  cognizant qua l i ty  control ac t iv i ty .  

4.2.1 Examination of Product.- The en t i r e  f i l l e d  area of a l l  assemblies 
s h a l l  be visual ly  examined fo r  compliance with appeaxance and 
dimensional requirements. 

8 4.2.2 Density.- Density s h a l l  be determined i n  accordance with t h e  
method specif ied i n  ASTM D 1622. 

@ 4.2.3 Peel Strength.- Specimens prepared as indicated i n  4 . 1  s h a l l  be 
testerl  at rmn t.emperat.1.r~ and at  1 iquid nitrogen temperature i n  
accordance with t h e  method specif ied i n  ASTM I) 1876. 

@ 4.2.4 Thermal Shock.- Specimens prepared as indicated i n  4 . 1  s h a l l  be 
given a thermal shock t e s t  consisting of 5 cycles of t he  following 
s teps  : 

(a) Rapid immersion of t he  specimen i n  l i qu id  nitrogen 

('b) Removal of the specimen from l iqu id  nitrogen and 
warming t o  room temperature 

5, NOTES 

5.1 

5.2 

G9 5.3 

@ 5.4 

Moisture.- This material i s  sensi t ive t o  moisture before it i s  cured. 
Therefore, care must be taken t o  keep a l l  cor.tainers and mixing 
equipment clean and dry. 
when not i n  use t o  prevent degradation f'rom atmospheric moisture. 

Containers should be kept t i g h t l y  closed 

Caution.- The material described herein i s  sens i t ive  t o  l i qu id  oxygen. 
Under cer ta in  conditions, contact with l i qu id  oxygen could r e s u l t  i n  
an explosion. 

Pot L i f e . -  Mix only enough sealant  sompow.d t h a t  can be applied 
i n  a 25-30 minute  period a t  75 2 5'3'. 

Improper Mixing.- 
compound after 18 hours, at  75 C 5'F, i s  indicat ive of improper 
or incomplete mixing. 

The fa i lure  t o  cure of any mixed sealant  
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1. SCOPE a 
1.1 Scope.- 

l i qu id  oxygen tank domes and outcr walls of launch vehicles.  
used i s  a re f rac tory  f i b e r  f i l l e d  polyurethane foam sealant.  

T h i s  specif icat ion covcrs the sealing and f i l l i n g  of a reas  between 
Sealing nater ia l ,  

2.1 The  following document forms a par t  of t h i s  specif icat ion t o  the  extent 
specif ied herein: 

SPEC1 I;? CATID! S 

€!ughes Aircraf t  Company 

HMS 16-1351 Plast ic  Resin, Polyurethane Elastomcr , 
For Cold Temperature Sealant 

3.1 Finished Product .- 
3.1.1 Jt!orlnanship. - The sealant shal l  be filly cured cream colored olastomeric 

fcan scalant.  Unless othervise spccif ied by the enqinceriny d r a w i q ,  
crevices s h a l l  be uniformly f i l l e d  t o  a depth of approx-hately 4 linches. 
Inspection s h a l l  be a s  specified i n  4.2.1. 

Density.- 
f t .  

3.1.2 The f u l l y  cured sealant,  s h a l l  have a densi ty  of 20 22 lbs/cu 
Testing shal l  be as specified i n  4.2.2. 

3.1.3 Peel Strength,- 
tested as specified b 4.2.3: 

Cured sealant s h a l l  have t h e  following peel strength when 

Temperature 

Room 

Peel strength,  pounds 
per inch, min 

5.0 

-320’ F 1.0 
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" l u r e  :.'arts by 7-- nescriptfon 
T ? - :  - -.L 5 J e i k  l i b ,  gfils. 

Component 

-- 
n 

R E V .  L T R .  

$-I 11 2 P A G E  2 O F  )J 
HUGHES PROCESS 

H U G H E S  A I R C R A F T  CO. 

C U L V E R  C I T Y ,  C A L I F O R N I A  

Applicable 
Spczificati=n 

3 . 1 . ) ~  Thermal Shock.- 
delamination when subjected t o  the thermal shock t e s t  specif ied 
i n  4.2.L. 

Cured sealant s h a l l  show no v i s i b l e  s igns of 

h 

B 

Primer 

@J 3.2 I4aterials.- The materials required by t h i s  process s h a l l  be in 
accordance with Table I. 

- 

!.diprene L-100 (r(Psh) 100 .O HEIS 16-1351 

Castor O i l . ,  ljSP 24.8 - 
Den z yld  irne t h ylamin e3 1.46 (64 dro?s) - 
Water ( d i s t i l l e d  ) 0.6 (16 d r o p s )  - 
Chemlok 6074 - - 

- I 1 1-12 .6 t i oe r f r ax  !n:'ashed Fibers -7 . 1 

-_--e 

- 2 .@ 2 SF 1.066 Surfactant 

3.3 Procedure 

3 .3 .1  Surface Treatments.- 

3.3.1.1 Cleaning .- 
acstone o r  methyl e thyl  kctone. 
by wiping t h e  aluminum vitli clean cloths  saturated with the  
solvent o r  by repeated fS.1.1 and drain tezkrliques. 

Aluninum tank walls s h a l l  be thoroughly cleaned with 
Cleanlng shall. be accomplished 

3.3.1.2 Priming.- 
t o  all. cleanad alurnimm surfaces t h a t  will. b e  i n  contact with tkAe 
seal ing compound. 
one half hour a t  70 - 90° F. 

One brush coat of Chemlok 607 p r h e r  s h a l l  be applied 

The primer s h a l l  be a i r  dried f o r  not, l ess  than 

3.3.2 Mixing.- 

3.3.2.1 Component A , -  Using a Hobart mjxer o r  equivalent,  Fiberfrax 
f i b e r s  sha l l  be mixed i n t o  the  base p o l p o r  unt,il a uniforrn 
blend o s  obtained, Containers s h a l l  be g lass  or metal (see 5.1). 

NOTE: P r io r  t o  mixing, t he  Fiberfrax f ibe r  s h a l l , b e  dried f o r  
not  less than 1 hour a t  210 - 225O F , ,  then cool t o  room 
temperature prior t o  nixir,F:, 
and mixing equipment sha l l  be clean and d ry  a t  t h e  time 
of mixing, 

I n  addi t ion,  a l l  containers 
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H U G H E S  A I R C R A F T  CO.  H E V .  LTR. 

3.3.2.2 Coniponent B.- 
Table I ,  

Shal l  be mixed by weight i n  order l i s t e d  i n  

C U L V E R  C I T Y .  C A L I f O R N I A  WaSGi-ZZS P?',oC&;S 

@ 3.3.2.3 Finished Sealant.- Component A sha l l  be added t o  Component B. 
Mixing shal l  be done a t  room temyra ture .  

P A G E  3 5-14 B 

3.  j .3 Application of Mixed Sealant .- The sealant s h a l l  be applied w i t h  
a trowel, a caulhing gun (preferred) ,  o r  other simj-lar device, 

@ 3.3 .4 Cure.- Curing s h a l l  be as shotrn i n  Table I1 . 

I I 1 

+:-?hysicaI. propert ies  will be subs tan t ia l ly  inproved by ?est curing 
f o r  4 hours  a t  150° P. 

4.1 Test Specimens.- Test s!xcimens s h a l l  be i n  accordance w i t h  the 
AS91 D 1876 and the following: 

(a) Eater ia l  sha l l  be .020 inch th ick  7075-T6 aluminwr. a l loy  

(b) P r i o r  t o  the applicatlon of the  scal.ant compound, the 
adherends s h a l l  bo -- 

1. Vapor decreased 

2 ,  Etched f o r  approximately 10 minutes i n  the 
fol.lowing solution: 

':!ate r -- 30 p a r t s  by weight -- 10 pa r t s  by ?.-eight 
Na2Cr2 '8'04 7 0- 1 p a r t  by weight 

Temperature of t h e  solution during the  etching 
shal l  be 150 +lo" F. 

3 .  R.insod i n  d i s t i l l e d  water and a i r  dr ied 

4. Primed w i t h  one coat of Chemlok 507 primer 
(See Table I) 

( c )  Suff ic ient  sealant sha l l  be applied t o  t h e  adherends t o  
provide a bondline thickness of approximately 1/16 inch, 
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4.2 Test 2:ethods.- Samnliny: and fre.1uenc.v o f  t e s t in?  Tor a l l  rcquirencnts 
l i s t e d  herein, except worlmanship, s h a l l  be es tabl ished by the  ccgnizant 
qua l i ty  control  ac t iv i ty .  

4.2.1 Examination of  2rodnct.- Thc e n t i r e  r'illed area of all assemblies 
sha l l  be visually exmined f o r  compliance with apparance  and 
diinensional requirements. 

11.2.2 Density.- Density s h a l l  be actermined i n  aqrordanco with the 
method specified i n  ASTH D 1622. 

b.2.3 Pecl Strength.- Specimens prc?arcd as  indicated i n  11.1 s k d l  be 
tes ted a t  room tempcrature 2nd at, l i q u i d  n i t rwcr?  temperature i n  
accordance w i t h  t h e  i f ie t i i~d ;?cciflzc! ;ii n u - L A I  IVIV. 

n c v - ~  n i R 7 L  

4.2.4 Thermal Shock.- Specimens prepared as indicated in L1.1 s h a l l  be 
given a thermal shock t e s t  consistinp of 5 rycles' o f . t h e  fo l lowing  
steps: 

( a )  Rapid inversion of t h e  spccimen i n  l i q u i d  ni t rogen 

(b) Reinoval of t h e  spsimcn from l iqu id  nitrogcn and 
warniinp t o  room tcmGerature 

5.1 

5,2 

5.3 

5.4 

I.!ois,Jre.- This mater ia l  i s  sens i t ive  t o  moisture befcre  it i s  cured, 
Thereforc, care must be taken t o  !:ccp 3.11 containers :>Ai2 I ; i i : c i n c r  <.. 

equipment clean and dry. Conkainzrs s h c u l d  be kept t5p;htl.y c7.oscd 
wllen not  i n  use  t o  prevent degradation from at;nospheric moi sturc , 

Caution.- The , , , s te r ia l  described herein i s  sens i t ive  to 1 iqujd 0. ycec. 
Under cer ta in  conditions, conta-t with l i qu id  oxygen could r e s u l t  jn 
a n  explosion. 

Pot Life.- Nix only enouch sealant  cornpound t h a t  can be a rp l ied  i n  
a 25-30 minute period a t  75 +so F,  

Impropcr Nixing.- T h e  f a i lu re  t o  cure o f  any mixed soal?.nt compound 
a f t e r  18 hours ,  a t  75 ' so  F, i s  ind ica t ive  of improper o r  incorriplete 
mixing , 
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, C A L I F O R N I A  

1, SCOPE 

1.1 Scope,- This specification covers a polyurethane r e s i n  which is  
t o  be used as a base po3ymer f o r  a two par t ,  cold temperature, 
p l a s t i c  seal ing compound. 

2, APPLICABLE DocuIms 
2.1 There are no applicable governmental documents, 

L. 

QuWicat ion . -  Material furnished under t h i s  specif icat ion s h a l l  
be a product which has been tes ted  and has passed the qua l l f ica t ion  
t e s t s  specified herein. QualFfied-products are l i s t e d  i n  
Section 7 of this specification, 

Material,- "he r e s i n  s h a l l  be a clear,  honeycolored, l i qu id  
polyurethane elastomer having the following properties : 

Appearance.- The material s h a l l  be uniform i n  appezance, f r ee  
of foreign material, and s h a l l  contain no lumps. 

Viscosity,- The r e s i n  shal l  have a viscosity of from l4,OOO 
to 19,000 apso when tasted as  specified i n  4.2.1. 

Isocyanate Content,- 
polymer, which contains 4.0 t o  4.3% isocyanate groups by weight, 
as determined i n  k.2.2. 

The r e s i n  s h a l l  be a ful ly saturated 

QUALITY ASSURANCE PR0vIs10Ns 

4.1 Classif icat ion of Tests,- The inspection and testing of material. 
covered herein s h a l l  be classif ied as follows: 

(a) Qualification Tests:  Qaalification t e s t s  are  tests 
performed on samples submitted f o r  approval as 
qual i f ied products. 

on indivictual l o t s  t h a t  have been submitted f o r  acceptance 
against  a purchase order. 

(b) Acoeptance Tests: ACceptance t e s t s  are t e s t s  performed 

4.2 Qualification Tests,= The qudll f icat ion tests s h a l l  consist  of a l l  
the  t e s t s  contained i n  t h i s  specification. 
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4.3 Acceptance Tests.- Acceptance t e s t s  sha l l  cons is t  of those t e s t s  
contained herein t h a t  are deemed necessary t o  assure tha t  t h o  
material  nee ts the requirements of this specification. 

4.4 Test I4ethods.- 

4.4.1 Viscosity.- The Viscosity of  the base r e s i n  s h a l l  be measured 
with a Brookfield Viscosimeter, Model RIM, o r  equivalent, 
The base r e s i n  and viscosimeter shall be a t  a uniform 
temperature of 83-88°F during the tes t .  
thoroughly s t i r r e d  v i t h  a spatula immediately before testing. 
Readings s h a l l  be taken when t h e  pointer first assumes a steady 
posit ion after tine rciease of tiie clutch. 

The r e s in  s h a l l  be 

4.4.2 Isocyanate Content.- The t e s t  f o r  detemining the isocyanate 
content s h a l l  be conducted as follows: 

To a 500 m l .  Erlenmeyer flask,  r insed successively with 
water, alcohol, and benzene; dried a t  100°C and cooled; 
add LO ml. dry toluene. 
solut ion composed of 258.5 g. dry dibutylamine made up 
t o  1000 ml. with dry toluene. N i x  i n  the f l a sk  carefully.  
Weigh by difference on an analyt ical  balance betwoen 6.500 
and 7,000 go of tho unf i l led  r e s i n  and t ransfer  it t o  the 
flask.  Carefully swirl the f l a sk  while slowly adding the 
resin.  Wash dorm the s ides  of  the f l a sk  with 10 m l .  of 
dry toluene, Stopper the f lask  loosely and allow it t o  
stand a t  room tomporaturo for  15 minutes. Add 225 lnl ,  of 
isopropyl alcohol from a 250 ml. graduated cylinder and 
and 0.8 ml. of bromcresol p e e n  indicator  solution. 
T i t r a t e  16th standardized 1N HCL solut ion while swirling 
tho f l a s k  contents t o  e f fec t  rapid mixing. Consider the 
end point ranched v i th  the disappearance of the blue 
color and tho appenrmce of a yellow color  which p e r s i s t s  
f o r  a t  l e a s t  15 seconds. 
the same time i n  exactly the same manner as above but 
omitting the resin. 

To th i s ,  add 50.00 ml. of a 

R u n  a blank determination a t  

Calculations: 

Where : 

B = IIl. of HC1 required t o  t i t r a t e  blank 

S - M l .  o f  HC1 required t o  t i t r a t e  r e s i n  

N - Nomality of HC1 

E = Equivalent weight of the resin in grams 

W - kkight  of r e s i n  i n  ~ a m s  

C O R M  I B S l  



8 

IManufacturGrrs 
Dosignation 

Adiprene L l O O  

Manufacturer's Name 
and Address --- I 

R. I, DuPont De Nemours and Co. 
Elastomers Divlsion,, 
IJilmington, Delaware 

CODE IDEM. NO. a 2 5 7 7  

r3ABE:t: Ah 9 P E e l  FB CAT I O  €4 101351 dUGI4ES AIRCRAFT COMPANY 
CULVER C I T Y .  CALIFORNIA 

R E V ,  

PAGE 3 O F  

4.4.3 ?!orhamhip.- The material s h a l l  be v isua l ly  examined t o  a s m e  

5. PREPARATION FOR DELIVERY 

compliance with requirements not covered by other tes t  methods, 

5.1 Packaging.- Packaging s h a l l  bo done i n  a manner t h a t  assures t h a t  
the  r e s i n  i s  not damaged o r  contaminated during shipment and 
storage , 

5.2 Marking.- Containers of res in  shall be legibly and permanently 
marksd with the following information: 

(a) This specification number 

(b) Manufzcturers Product Ident i f ica t ion  

( c )  Date of ManufPcturer. 

(d) Manufacturers Name and Address 

6, NOTES 

6.1 Intended Use.- Material described herein is intended f o r  use 
i n  compounding a sealant material t ha t  can be used a t  
temperature o f  -?OO°F. 

7, QUALIFIm ?RODUCTS 
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